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PIILL-SCALE AIRCRAFT C A B t N  FLAMMABILITY TESTS 
OF TMPROVED FIRE-RESISTANT MATERIALS 
By R o b e r t  N. S t n c k e y ,  D a n i e l  E .  S u p k i s ,  a n d  L. J a m e s  P r i c e  
L y n d o n  A .  J o h n s o n  S p a c e  C e n t e r  
T h r e e  f u l l - s c a l a  a i r c r a f t  flammability tests were 
p e r f o r m e d  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  n e w  f i r e -  
r e s i s t an t  m a t e r i a l s  b y  c o m p a r i n g  t h e i r  b u r n i n g  
c h a r a c t e r i s t i c s  w i t h  t h o s e  o f  e a r l i e r  i n t e r i o r  c a b i n  
m a t e r i a l s .  S i d e w a l l s ,  w i n d o w s ,  c e i l i n g  p a n e l s ,  h a t r a c k s ,  
p a s s e n g e r  service u n i t s ,  a n d  t h r e e  r o w s  o f  s e a t s  were 
i n s t a l l e d  a l o n q  o n e  s i d e  o f  a B o e i n q  7 3 7  f u s e l a g e  s e c t i o n .  
A f u e l  i g n i t i o n  s o u r c e  w a s  l o c a t e d  b e n e a t h  t h e  o u t b o a r d  s e a t  
o f  t h e  m i d d l e  row o f  s e a t s  a n d  i g n i t e d  e l e c t r i c a l l y .  T h e  
f u e l  u s e d  f o r  t e s t  1  a n d  t es t  2 v a s  J P - 4 ;  a s m o k e l e s s  f u e l  
was u s e d  f o r  t e s t  3 h e c a u s e  s m o k e  p r o d u c e d  b y  t h e  f u e l  
i g n i t - i o n  s o u r c e  c a n  mask  t h e  b u r n i n g  o f  c a b i n  m a t e r i a l s  a n d  
i n c r e a s e  t h e  a n a l y s i s  d i f f i c u l t i e s .  T h e  t e s t  r e s u l t s  
c o n f i r m e d  t h a t  p r e - 1 9 6 8  a i r c r a f t  m a t e r i a l s  i g n i t e  e a s i l y ,  
p r o p a g a t e  f l a m e s  r a p i d l y ,  p r o d u c e  l a r g e  a m o u n t s  of  s m o k e  a n d  
t o x i c  p r o d u c t s ,  a n d  c o u l d  s u s t a i n  a f l a s h  f i r e .  T h e  n e w e r  
f  i r e - r e s i s t a n t  m a t e r i a l s  d e c o m p o s e  r a t h e r  t h a n  i g n i t e  a n d  d o  
n o t  s u p p o r t  f i r e  p r o p a g a t i o n ;  t h e r e f o r e ,  t h e y  p r o a u c e  l e s s  
s m o k e ,  l o w e r  c o n c e n t r a t i o n s  o f  t o x i c  c o m b u s t i o n  p r o d u c t s ,  
a n d  l o v e r  c a b i n  t e m p e r a t u r e s .  
INTRODUCTION 
A l t h o u g h  c o m m e r c i a l  a i r c r a f t  p r o v i d e  a r e m a r k a b l y  s a f e  
m e a n s  o f  t r a n s p o r t a t i o n ,  when  a c c i d e n t s  d o  o c c u r ,  t h e y  
sometimes i n v o l v e  f i r e s  t h a t  r e s u l t  i n  l o s s  of human l i f e ,  
d e s t r u c t i o n  o f  t h e  a i r c r a f t ,  o r  b o t h .  A 1967 r e v i e w  o f  
commercial j e t  i n c i d e n t s  a n d  a c c i d e n t s  ( r e f .  1) r e v e a l e d  
t h a t  f i r e s  c a u s e d  o r  c o n t r i b u t e d  t o  p a s s e n g e r  d e a t h s  i n  1 2  
of 16 i m ~ a c t - s u r v i v a b l e  a i r c r a f t  a c c i d e n t s  o c c u r r i n g  from 
1 9 5 8  t o  1 9 6 6 .  A l l  1 2  a c c i d e n t s  i n v o l v e d  e x t e r n a l  f u e l  f i r e s  
t h a t  r e s u l t e d  i n  i n t n r i o r  c a b i n  f i r e s  i n  1 1  cases. S e v e r a l  
a d d i t i o n a l  a c c i d e n t s  r e s u l t i n q  i n  l o s s  o f  l i f e  b e c a u s e  of 
f i r e  or  t o x i c  p r o d u c t s  h a v e  o c c u r r e d  since t h e  r e s u l t s  
p r e s e n t e d  i n  r e f e r e n c e  1. F i r e s  i n  u n a t t e n d e d  a i r c r a f t  h a v e  
a l s o  r e s u l t e d  i n  g u t t e d  a i r c r a f t  i n t e r i o r s .  T h e s e  a c c i d e n t s  
i l l u s t r a t e d  t h e  n e e d  f o r  i m p r o v e d  f i r e - r e s i s t a n t  m a t e r i a l s  
f o r  a i r c r a f t  i n t e r i o r s .  
S i n c e  t h e  e a r l y  1 9 6 0 8 s ,  t h e  m a n u f a c t u r e r s  o f  c o m m e r c i a l  
a i r c r a f t  a n d  t h e  a i r l i n e s ,  a i d e d  by t h e  F e d e r a l  A v i a t i o n  
A d m i n i s t r a t i o n  {FAA), t h e  A e r o s p a c e  I n d u s t r i e s  A s s o c i a t i o n  
o f  A m e r i c a ,  I n c .  (AIA) ,  t h e  A i r  l i n e  P i l o t s  A s s o c i a t i o n ,  and  
t h e  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n  h a v e  souqh t .  
f i r e s a f e t y  i m p r o v e m e n t s  hy s c r e e n i n g ,  t e s t i n g ,  a n d  u s i n g  
i m p r o v e d  n o n f l a m m a b l e  a n d  f i r e - r e s i s t a n t  m a t e r i a l s .  T h e  
t es t  p r o g r a m s  i n c l u d e d  f u l l - s c a l e  mockup f l a m m a b i l i t y  t e s t s  
of a i r c r a f t  i n t e r i o r  c o n f i g u r a t i o n s  ( r e f s .  1 t o  5 ) .  
E x p e r i e n c e  h a s  shown t h a t  f u l l - s c a l e  mockup t e s t s  a r e  
n e c e s s a r y .  ' I n d i v i d u a l  m a t e r i a l s  t h a t  s e l f - e x t i n g u i s h  i n  
l a b o r a t o r y  t e s t s ,  when u s e d  i n  a f i n a l  c o n f i g u r a t i o n  w i t h  
o t h e r  m a t e r i a l s ,  may d e v e l o p  s y n e r g i s t i c  r e a c t i o n s  t o  t h e  
i g n i t i o n  s o u r c e ,  t h ?  c o n f i g u r a t i o n  g e o m e t r y ,  a n d  t h e  
e n v i r o n m e n t a l  c o n d i t i o n s .  
O n e  o f  t h e  mos t  c o m p r e h e n s i v e  f u l l - s c a l e  a i r c r a f t  t e s t  
p r o g r a m s  was c o n d u c t e d  hy t h e  A I A  ( r e f .  1 ) .  T h e s e  
f l a m m a b i l i t y  tests  i n c l u d e d  2 . 4 - m e t e r  (8 f o o t ) ,  4 . 6 - m e t e r  
( 1 5  f o o t ) ,  a n d  1 2 . 2 - m e t e r  140 f o o t )  l o n q  mockups  o f  
t y p i c a l l y  f u r n i s h e d  f u s e l a g e  sec t ions .  g a t e r i a l s  i n  u s e  a t  
t h a t  t i m e  ( 1 9 6 7  t o  1 9 6 8 )  a s  well a s  newer f i r e - r e s i s t a n t  
m a t e r i a l s  were testeil hy e x p o s i n g  t h e  c a h i n  i n t e r i o r  t o  a  
f u e l - f e d  f i r e .  T e m p e r a t u r e s ,  p r o p a g a t i o n  p a t h s ,  smoke 
d e n s i t y ,  a n d  n o x i o u s  g a s e s  were m e a s u r e d  a n d  e v a l u a t e d  t o  
d e t e r m i n e  t h e  b e n e f i t s  g a i n e d  f r o m  u s e  o f  f i r e - r e s i s t a n t  
m a t e r i a l s .  T h i s  a p p r o a c h  - t h e  e v a l u a t i o n  o f  c a b i n  i n t e r i o r  
m a t e r i a l s  when e x p o s e d  t o  f u e l - f e d  f i r e s  by p e r f o r m i n q  f u l l -  
scale mockup tes ts  - was s e l e c t e d  fo r  t h e  t e s t s  c o v e r e d  by  
t h i s  r e p o r t .  
As a r e s u l t  o f  t h e  A p o l l o  command m o d u l e  f i r e  i n  1967  
a n d  o f  t h e  e n s u i n q  i n v e s t i g a t i o n s  r e l a t e d  t o  t h e  A p o l l o  
P r o g r a m ,  t h e  S k y l a h  P r o q r a m ,  a n d  s o  o n ,  new m a t e r i a l s  h a v i n g  
e x c e l l e n t  f i r e - r e s i s t a n t  q u a l i t i e s  i n  an  o x y g e n - e n r i c h e d  
e n v i r o n m e n t  h a v e  b e e n  d e v e l o p e d .  T h e  o x y g e n  e n r i c h m e n t  
creates  more  s t r i n g e n t  c o n d i t i o n s  t h a n  t h o s e  e n c o u n t e r e d  o n  
p r e s e n t  c o m m e r c i a l  a i r c r a f t .  Some o f  t h e s e  new m a t e r i a l s  
a r e  p r o m i s i n g  p o s s i b i l i t i e s  f o r  a i r c r a f t  a p p l i c a t i o n  a n d  
were s e l e c t e d  a s  c a n d i d a t e s  f o r  t h i s  t e s t  p r o g r a m .  
T h e  f l a m m a b i l i t v  t e s t s  were p e r f o r m e d  i n  a  s e c t i o n  o f  a  
B o e i n q  737 f u s e l a q e .  I n  tes t  1 ,  c o n d u c t e d  t o  p r o v i d e  a  
b a s e l i n e  f o r  s u b s e q u e n t  tests a n d  a  c o r r e l a t i o n  w i t h  t h e  A I A  
tests, m a t e r i a l s  i n s t a l l e d  i n  a i r c r a f t  b e f o r e  t h e  1968 
i s s u a n c e  of more s t r i n g ~ n t  F e d e r a l  Air R e g u l a t i o n s  on 
f l a m m a b i l i t y  o f  a i r c r a f t  c a b i n  m a t e r i a l s  were u s e d .  T e s t s  2 
a n d  3 were p e r f o r m e d  t o  d e t e r m i n e  t h ?  b e n e f i t s  d s r i v e d  f r o m  
mater ia ls  h a v i n g  i m p r o v e d  f i r e - r e s i s t a n t  c h a r a c t e r i s t i c s .  
A s  a n  a i d  t o  t h e  r o a d e r ,  w h e r e  n e c e s s a r y ,  t h e  o r i q i n a l  
u n i t s  o f  m e a s u r e  h a v e  b e e n  c o n v e r t e d  t o  t h e  e q u i v a l e n t  v a l u e  
i n  t h e  s y s t s m e  I n t e r n a t i o n a l  d l l l n i t & s  ( 5 1 ) .  T h e  SI u n i t s  
a r e  w r i t t e n  f i r s t ,  a n d  t h e  o r i g i n a l  u n i t s  a r e  w r i t t e n  
p a r e n t h e t i c a l l y  t h e r e a f t e r .  
E X P E R 1 3 E N T A L  PROGRAM 
T e s t  O b j e c t i v e s  
T h e  o v e r a l l  o b j e c t i v e  o f  t h i s  t e s t  ser ies  was t o  
e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  new f i r e - r e s i s t a n t  c a b i n  
m a t e r i a l s  a s  c o m p a r e d  w i t h  o l d e r  m a t e r i a l s  t h a t  r e m a i n  i n  
u s e  i n  some a i r c r a f t .  I n  t h i s  s e r i e s ,  t h r e e  s e p a r a t e  t e s t s  
were p e r f o r m e d .  F o r  t e s t  1 ,  i n  w h i c h  p r e - 1 9 6 8  m a t e r i a l s  
t y p i c a l  o f  t h o s e  i n  u s e  o n  B o e i n q  7 3 7 ,  7 2 7 ,  a n d  707 a i r c r a f t  
were u s e d ,  t h e  p r i m a r y  o b j e c t i v e s  we're t o  c o m p a r e  r e s u l t s  
w i t h  d a t a  o b t a i n e d  f r o m  a s i m i l a r  t e s t  c o n d u c t e d  by t h e  A I R  
i n  1 9 6 7  a n d  t o  p r o v i d e  a h a s e l i n e  f o r  s u b s e q u e n t  t e s t s  i n  
t h e  B o e i n g  737  f u s e l a g e  u s i n g  n e w e r ,  i m p r o v e d  f i r e - r e s i s t a n t  
mater ia l s .  T h e  o b j e c t i v e s  o f  t e s t  2 were t o  e v a l u a t e  n e w e r  
f i r e - r e s i s t a n t  m a t e r i a l s  i n  a f u l l - s c a l a  c o n f i g u r a t i o n  a n d  
t o  c o m p a r e  t h e  r e s u l t s  w i t h  t h o s e  o f  t e s t  1 ,  i n  w h i c h  t . h s  
o l d e r  a i r c r a f t  c a b i n  m a t e r i a l s  were u s e d .  F o r  t e s t  3 ,  t h e  
p r i m a r y  o b j e c t i v e  was t o  a l l o w  a b e t t e r  d e t e r m i n a t i o n  o f  t h e  
a m o u n t  o f  s m o k e  p r o d u c e d  by t h e  n e w e r  f i r e - r e s i s t a n t  
ma te r i a l s  b y  u s i n g  a s m o k e l e s s  f u e l  i g n i t i o n  source. A 
s e c o n d a r y  o b j e c t i v e  of t e s t  3 was t o  p r o v i d e  a n o t h e r  s e t  o f  
d a t a  o n  t h e  n e w e r  m a t e r i a l s .  F o r  e a c h  t e s t ,  s u f f i c i e n t  d a t a  
were r e q u i r e d  t o  a c c o m p l i s h  t h e  f o l l o w i n g  o b j e c t i v e s .  
1. T o  d e f i n e  t h e  d e g r e e  o f  p r o p a g a t i o n  a n d  t h e  
m a g n i t u d e  o f  f i r e s  r e s u l t i n g  f r o m  a  f u e l  i q n i t i o n  s o u r c e  
w i t h i n  t h e  c a b i n  
2. T o  i d e n t i f y  t h e  g a s e o u s  p r o d u c t s  o f  c o m b u s t i c n  
o c c u r r i n q  a s  a r e s u l t  o f  s u c h  i g n i t i o n  
3.  To d e t e r m i n e  t h e  d e g r a d a t i o n  o f  v i s i b i l i t y  w i t h i n  
t h e  c a b i n  b e c a u s e  of s m o k e  
T e s t  S e t u p  
A 4 . 6 - m e t e r  (15 f o o t )  l o n g  s e c t i o n  o f  a B o e i n g  737 
f u s e l a q e  ( f i q .  1) was f u r n i s h e d  t o  s i m u l a t e  t h e  p a s s e n g e r  
c a b i n  of a c o m m e r c i a l  jet t r a n s p o r t .  S i d e w a l l s ,  w i n d o w s ,  
c e i l i n g  panels ,  ha t r acks ,  passenqpr s e r v i c e  u n i t s ,  and t h r e e  
rows of t r i p l e  s s a t s  were i n s t a l l e d  along one s i d e  of t h i s  
f u s e l a q e  s e c t i o n .  I n  add i t i on ,  t o  p r o t e c t  t he  o u t e r  
aluminum s k i n  of t he  fu se l aqe ,  t h e  e n t i r e  s e c t i o n  was l i n e d  
w i t h  a  high-temperature ceramic i n s u l a t i o n  of an alumina- 
s i l i c a  composit ion.  A t v p i c a l l y  fu rn i shed  i n t e r i o r  is shown 
i n  f i g u r e  2 and a  schematic of t h e  t e s t  s e t u p  i n  f i g u r e  3 .  
The i g n i t i o n  source  f o r  t e s t s  1 and 2  c o n s i s t e d  of 0.95 
l i t e r  (1  q u a r t )  of  J P - 4  a i r c r a f t  f u e l  con ta ined  i n  a  39 .5 -  
by 30.5-centimeter (1 by 1 f o o t )  pan and having a  hurninq 
t ime of approximately  5 minutes. The pan was p laced  under 
t h e  outboard s e a t  of t he  middle row of s e a t s  ( f i q .  3) and 
i g n i t e d  e l e c t r i c a l l y .  For tes t  3 ,  the  J P - 4  f u e l  was 
rep laced  by 1.18 l i t e r s  ( 1 . 2 5  qua r t s )  of  a  s m o k e l ~ s s  f u e l  
(composed of 50 percen t  ace tone  and 50 pe rcen t  methanol) t o  
avoid masking t h e  smoke produced b y  t h e  burning m a t e r i a l s .  
The a d d i t i o n a l  f u e l  was used t o  compensate f o r  t h e  lower 
energy per u n i t  mass conten t  of  t h e  smokeless f u e l .  Por a l l  
t h r e e  t e s t s ,  an a i r f l o w  r a t e  of 5.7 m3 /min  (200 f t3 /min)  was 
provided through t h e  4.6-meter (15 f o o t )  t es t  s e c t i o n  a s  
siiuwn ii-, f i g u r e  3 .  Tue carhop d iox ide  f i r e  e x t i n g u i s h e r  
systems were i n s t a l l e d  i n  t h e  fu se l age  f o r  t e r m i n a t i n g  t h e  
tests. One system was i n s t a l l e d  i n  t h e  4.6-meter (15 f o o t )  
test s e c t i o n  f o r  l o c a l  ext inauishment ,  and a  l a r g e r  c a p a c i t y  
system was i n s t a l l e d  throughout  t h e  f u s e l a g e  t o  p rov ide  
p r o t e c t i o n  i f  t h e  f i r e  spread beyond t h e  tes t  s e c t i o n .  T h i s  
t es t  s e t u p  b a s i c a l l y  d u p l i c a t e d  t h e  4.6-meter ( 1 5  f o o t )  
mockup t e s t  conducted by t h e  A I A  i n  1967 t o  1 9 6 8  ( r e f .  1 ) .  
Ins t rumenta t ion  
Ins t rumen ta t ion  was provided t o  measure t empera tu re s ,  
c ab in  p r e s s u r e ,  smoke d e n s i t y ,  and h e a t  f l u x .  I n  a d d i t i o n ,  
two s e p a r a t e  systems were used t o  t a k e  gas  s a v p l e s  eve ry  
30 seconds d u r i n q  t h e  tests. Toxic produc t  pe rcen tages  were 
d ~ t e r v j n e d  hy subsequent  a n a l y s i s  of t h e s e  samples. (See 
t h e  appendix.) Color  and i n f r a r e d  movies were t a k e n  d u r i n g  
t h e  t e s t s ,  and s t i l l  photographs were t aken  b e f o r e  and a f t e r  
each  t es t .  Black and whi te  and i n f r a r e d  t e l e v i s i o n  (TV) 
cameras were a l s o  used t o  monitor t h e  t e s t s .  ( I n  a d d i t i o n ,  
s i x  persons  observed t h e  t e s t s  through windows on t h e  s i d e  
o f  t h e  f u s e l a g e  o p p o s i t e  t h e  t e s t  reg ion . )  Besides  
dupl ica t incf  t h e  A I A  i n s t rumen ta t ion ,  a d d i t i o n a l  
i n s t r u m e n t a t i o n  was provided t o  a l l ow a  more d e t a i l e d  
measurement and e v a l u a t i o n  of test  r e s u l t s .  The 
i n s t r u m e n t a t i o n  l o c a t i o n s  a r e  shown i n  f i g u r e  3 ,  and a  b r i e f  
d e s c r i p t i o n  of each type  of i n s t rumen ta t ion  is p r e s e n t e d  i n  
t h e  appendix. 
T e s t s  
T h r e e  f u l l - s c a l e  t e s t s  were p e r f o r m e d  i n  t h e  R o e i n g  7 3 7  
f u s e l a g e .  f la t -e r ia l s  f o r  t-est 1  wern s u p p l i e d  by  [ J n i t e d  
A i r l i n e s  a n d  i n c l u d e d  p r e - 1 9 6 8  B o e i n g  7 3 7 ,  7 2 7 ,  a n d  7n7 
m a t e r i a l  c o n f i g u r a t i o n s .  M a t e r i a l s  u s e d  i n  t e s t s  2 a n d  3 
were n e w e r  f i r e - r e s i s t a n t  m a t e r i a l s ,  a l s o  r e p r e s e n t a t i v e  of  
i n t e r i o r  m a t e r i a l s  i n s t a l l e d  i n  t w o  NASA G u l f s t r e a m  a i r c r a f t  
f o r  i n - u s e  e v a l u a t i o n .  D e t a i l s  o f  t h e  t e s t  i n t e r i o r s  a r e  
g i v e n  i n  t a b l e s  I a n d  11. T h e  i n t e r i o r  c o n f i g u r a t i o n s  
b e f o r e  t e s t i n q  a r e  s h o w n  i n  f i q u r e s  4 t o  7 .  R s m o k e l e s s  
f u e l  w a s  u s e d  i n  test  3 ;  o t h e r w i s e ,  t h e  s e t u p  w a s  t h e  same 
a s  t h a t  o f  tes t  2 .  
RFSULTS A N D  DTSCUSSION 
B e c a u s e  t h e  t e s t  m e t h o d s  u s e d  i n  t h i s  p r c q r a m  were 
s e l e c t e d  t o  a l l o w  c o r r e l a t i o n  a n d  c o m p a r i s o n  w i t h  t h e  A I R  
t e s t  r e s u l t s  ( re f .  I ) ,  t h e  r e s u l t s  o f  t h e  NASA L y n d o n  0 .  
J o h n s o n  S p a c e  C e n t e r  ( J S C )  tests a r e  c o m p a r e d  t o  t h e  A I A  
r e s u l t s ,  a s  we l l  a s  t o  e a c h  o t h e r .  I n  a d d i t i o n ,  r e s u l t s  o f  
f i r e  t e s t s  c o n d u c t e d  b y  t h e  FAA o n  a i r c r a f t  p a s s e n g e r  s e a t s  
( r e f .  2 )  a r e  d i s c u s s e d  a n d  c o m p a r e d  t o  t h e  J S C  test r e s u l t s .  
F l a m m a b i l i t y  t e s t i n q  c a n n o t .  be c o n s i d e r e n  a n  e x a c t  s c i e n c e ,  
a n d  r e s u 1 t . s  o f  s e p a r a t e  t e s t  p r o q r a m s  c a n  h e  c o m p a r e d  i n  
g e n e r a l  t.erms o n l y .  Any n u m e r i c a l  v a l u e s  s h o u l d  h e  
i n t e r p r e t e d  a s  a p p r o x i m a t i o n s ,  n o t  a s  exact  n u m b e r s .  G a s  
a n a l y s i s  r e s u l t s ,  i n  p a r t i c u l a r ,  a r e  a c u t q l y  a f f e c t e a  hy 
v a r i a t i o n s  i n  test  p a r a m e t e r s  a n d  s a m p l i n q  t e c h n i q u e s .  
P r e - 1 9 6 8  M a t e r i a l s  T e s t  ( T e s t  1 )  
T e s t  results .-  Smoke  was o b s e r v e d  i m m e d i a t e l y  a f t e r  
----------- 
i g n i t i o n  o f  t h e  J P - 4  f u e l  s o u r c e  i n  t e s t  1 .  T h i s  i n i t i a l  
s m o k e  a p p e a r e d  t o  come m a i n l y  f r o m  t h e  J P - 4  i q n i t i o n  s o u r c e :  
h o w e v e r ,  some s m o k e  was o b s e r v e d  c o m i n g  f r o m  t h e  o u t h o a r r l  
sea t  c u s h i o n  a s  i t  was i g n i t e d  b y  t h e  JP-4  f i r e .  T h e  f i r e  
i n c r e a s e d  i n  s i z e  a s  t h e  o u t b o a r d  s 5 a t  a n d  t h e  a d j a c e n t  
s i d e w a l l  b e g a n  t o  b u r n .  V i s i b i l i t y  of t h e  f i r e  w a s  l o s t  t o  
o b s e r v e r s ,  TV m o n i t o r s ,  a n d  m o t i o n  p i c t u r e  cameras a t  
a p p r o x i m a t e l y  60 s e c o n d s  e l a p s e d  time a s  b l a c k  s m o k e  f i l l e d  
t h e  c a h i n .  T e m p e r a t u r e s  i n  t h e  t e s t  s e c t i o n  i n c r e a s e d  
s l o w l y  u n t i l  60  s e c o n d s :  t h e n ,  t h e  t e m p e r a t u r e s  i n c r e a s e d  
more r a p i d l y  a s  t h e  f i r e  s p r e a d  a n d  more mater ia ls  were 
i g n i t e d .  A p p a r e n t l y ,  a f l a s h  f i r e ,  w h i c h  i s  a  r a p i d  t u r n i n g  
o f  a c c u m u l a t e d  h o t  c o m b u s t i b l e  g a s e s ,  b e g a n  a t  a p p r o x i m a t e l y  
95 s e c o n d s  b e c a u s e  o f  a n  a c c u m u l a t i o n  o f  s u c h  g a s e s  a l o n q  
t h e  c e i l i n g  o f  t h e  c a b i n  i n t e r i o r .  T n d i c a t i v e  o f  t h e  f l a s h  
f i r e  p h e n o m e n o n  .was a  r a p i d  i n c r e a s e  o f  c a h i n  t e m p e r a t u r e s  
( f i g .  8) f o l l o w e d  b y  o x y g e n  d e p l e t i o n  t o  a c o n c e n t r a t i o n  o f  
less t h a n  5 p e r c e n t  ( f i g .  9) . I n  a d d i t i o n ,  t h e  
c o n c e n t r a t i o n  o f  n o n h  y d r o l  y z a h l e  p r o d u c t s  o f  c o m b u s t i o n  - 
c a r b o n  d i o x i d e ,  c a r b o n  m o a o x i d e ,  m e t h a n e ,  a n d  e t h y l e n e  - 
i n c r e a s e d  r a p i d l y  a s  t h e  o x y g e n  was d e p l e t e d  ( f i g s .  10 t o  
1 3 ) .  D a t a  f o r  h y d r o l y z a b l e  p r o d u c t s  o f  c o m b u s t i o n  - 
c h l o r i d e s ,  f l u o r i d e s ,  a n d  c y a n i d e s  - are  no t  a v a i l a b l e  f o r  
test. 1 b e c a u s e  of a n  e r r o r  i n  a n a l y z i n g  t h e  g a s  s a m p l e s .  
T h e r m o c o u p l e  ( T C )  d a t a  i n d i c a t e  t h a t .  t h e  f l a s h  f i r e  
o r i g i n a t e d  b e n e a t h  t h e  h a t r a c k ,  s p r e a d  t o  t h e  c e i l i n g  a n d  t o  
t h e  s e a t s ,  a n d  p r o p a g a t e d  h e n e a t h  t h e  h a t r a c k  f o r  t h e  f u l l  
l e n g t h  o f  t h e  tes t  s e c t i o n .  T h e  p r o p a g a t i o n  p a t h  a l o n g  t h e  
f o r v a r d  e n d  of t h e  test  s e c t - i o n  c a b i n  walls v a s  d o w n w a r d  
from t h e  h a t r a c k ,  a s  i l l u s t r a t e d  b y  a p o s t - t e s t  p h o t o g r a p h  
( f i g .  1 4 ) .  T h e  d a m a q e  t o  t h e  s e a t s  o t h e r  t h a n  t h e  o n e  
d i r e c t l y  a b o v e  t h e  i g n i t i o n  s o u r c e  was more s e v e r e  a t  t h e  
t o p  o f  t h e  s ea t s .  T h i s  damage  i n d i c a t e d  h e a t i n g  a n d  b u r n i n g  
f r o m  a b o v e  a n d  i s  f u r t h e r  e v i d e n c e  o f  a  f l a s h  f i r e .  T h e  
d a m a g e  is s h o w n  i n  f i g u r e s  15 a n d  16.  
a t  1 4 0  s e c o n d s ,  a s  t h e  f l a s h  f i r e  p r o g r e s s e d .  t h e  
m a x i z ~ m  ra2ian: t e a t  f l u x  m e a s u r e d  a t  s t a n d i n g  h e a d  l e v e l  i n  
t h e  c e n t e r  a i s l e  ( f i q .  1 7 )  was b e t w e e n  5.7 x  100  a n d  
6 .  8 x 10' W/m2 (5  a n d  6 R t u / f t z  sec) . R e d u c t i o n  of c a b i n  
v i s i b i l i t y ,  a s  i l l u s t r a t e d  i n  f i g u r e  18,  o c c u r r e d  r a p i d l y  
w i t h  l o s s  o f  v i s i b i l i t y  of t h e  f i r e  a t  60 s e c o n d s  a n d  
8 3  p e r c e n t  s m o k e  d e n s i t y  m e a s u r e d  a t  t h e  c e i l i n q  s m o k e  
d e t e c t o r .  B e c a u s e  o f  t h e  h i g h  t e m F e r a t u c e s  g e n e r a t e d  by t h e  
f l a s h  f i r e ,  t h e  test.  was t e r m i n a t e d  a f t e r  240  s e c o n d s  a n d  
t h e  f i r e  was e x t i n g u i s h e d  w i t h  c a r b o n  d i o x i d e .  
S ~ g c ~ f 4 ~ - f ~ ~ s _ 9 = ~ = g e . -  I n  t h e  f o l l o w i n g  p a r a q r a p h s ,  t h e  
e x t e n t  o f  f i r e  d a m a g e  t o  m a t e r i a l s  u s e d  i n  t e s t  1 i s  
s u m m a r i z e d .  T h e  term " m a t e r i a l s n  r e f e r s  t o  n o n m e t a l l i c  
m a t e r i a l s  u n l e s s  m e t a l l i c  m a t e r i a l s  a r e  m e n t i o n e d  
s p e c i f i c a l l y .  
1. S e a t s :  T h e  s e a t  a b o v e  t h e  f i r e  i q n i t i o n  s o u r c e  was 
a l m o s t  c o m p l e t e l y  c o n s u m e d .  Some o f  t h e  a l u m i n u m  s t r u c t u r e  
h a d  m e l t e d .  T h e  a d j a c e n t  s e a t  was a l s o  s e v e r e l y  d a m a g e d ;  
a p p r o x i m a t e l y  70 p e r c e n t  o f  t h e  m a t e r i a l s  were c o n s u m e d ,  a n d  
a s m a l l  p e r c e n t a q e  o f  t h e  metal s e a t  s t r u c t u r e  h a d  m e l t e d .  
T h e  r e m a i n i n g  s e a t s  were s c o r c h e d ;  s o m e  o f  t h e  c u s h i o n  
f a b r i c  ( n y l o n - w o o l - r a y o n  c o m b i n a t i o n )  a n d  t h ~  s e a t - b a c k  
c o v e r i n g  ( s u p p o r t e d  v i n y l )  w a s  b u r n e d .  T h e  d a m a q e  was most 
s e v e r e  a t  t h e  t o p  o f  t h e  s e a t  b a c k s .  A l l  o f  t h e  n y l o n  
s e a t b e l t s  were s c o r c h e d  a n d  p a r t l y  b u r n e d .  
2. S i d e w a l l :  T h e  s i d e w a l l  m a t e r i a l  a n d  t h e  a l u m i n u m  
s t r u c t u r e  a d j a c e n t  t o  t h e  f u e l  p a n  h a d  c o m p l e t e l y  m e l t e d  
a w a y  f r o m  t h e  f l o o r  l e v e l  t o  t h e  h a t r a c k  ( f i g .  15). The 
r e m a i n i n g  v i n y l  c o v e r i n g  o f  t h e  s i d e w a l l  was c h a r r e d  o r  
b u r n e d  a w a y .  
3. H a t r a c k :  E x c e p t  € o r  a small a m o u n t  o f  f o a m  o n  t h e  
h a t r a c k  h u l l n o s e ,  a l l  t h e  v i n y l  a n d  f o a m  p a 3 d i n q  h a d  h u r n e d  
a w a y  from t h e  h o n e y c o m b  p a n e l s .  T h e  p a p e r - c o r e ,  f i k ~ r g l a s s -  
c o v e r e d  h o n e y c o m b  a b o v e  t h e  f u e l  p a n  l o c a t i o n  a l s o  k u r n e d ;  
o n l y  t h e  b r i t t l e  r e m a i n s  o f  t h e  f i b e r g l a s s  c l o t h  were l e f t .  
4 .  C e i l i n g  p a n e l s :  A 1 1  t h e  v i n y l  c o v e r i n g  a n d  t h e  
p a p e c  core o f  t h e  h o n e y c o m b  c e i l i n g  p a n e l s  h a d  t u r n e d  away.  
O n l y  t h e  b r i t t l e  f i b e r g l a s s  c l o t h ,  w h i c h  f e l l  o n t o  t h e  
h a t r a c k  a n d  TC trees, r e m a i n e d .  
5. P a s s e n g e r  service u n i t s :  A l l  t - h r e e  p a s s e n g e r  
s e r v i c e  u n i t s  b u r n e d ,  m e l t e d ,  a n d  f e l l .  t.o t h e  s e a t s  a n d  
f l o o r  b e l o w  t h e m .  A l l  o f  t h e  metal  s t r u c t u r e  o f  t .he c e n t e r  
u n i t  ( a b o v e  t h e  f u e l  p a n  l o c a t i o n ) ,  80 p e r c e n t  o f  t h e  h a c k  
u n i t ,  a n d  5 0  p e r c e n t  o f  t h e  f r o n t  u n i t  were m e l t - e d  a n d  
d e s t r o y e d .  
C,om~g&Ls,og-~i th-sf .hg~-~g~&s.-  I n  g e n e r a l ,  t h e  J S C  t e s t  
1 a n d  t h e  A I A  P r e s e n t  I n - S e r v i c e  Naterials  T e s t  wsre s i m i l a r  
i n  c o n f i g u r a t i o n  a n d  m a t e r i a l s ,  a n d  t h e y  ~ r o d u c e d  s i m i l a r  
r e s u l t s  i n  t e m p e r a t u r e s  a n d  s m o k e  d s n s i t i e s .  D u r i n g  t h e  hIR 
P r e s e n t  I n - S e r v i c e  M a t e r i a l s  T e s t  o f  p r e - 1 9 6 8  m a t e r i a l s ,  a 
s imilar  f l a s h  f i r e  o c c u r r e d ;  h o w e v e r ,  i t  o c c u r r e d  much l a t e r  
t h a n  t h a t  i n  J S C  t e s t  1 a n d  p r o d u c e d  s l i g h t l y  l o w e r  
t e m p e r a t u r e s .  O x y g e n  d e p l e t i o n  a n d  t o x i c  g a s  p r o d u c t i o n  f o r  
t h e  t w o  t es t s  h a d  t h e  same t r e n d  b u t  were d i f f e r e n t  i n  
c o n c e n t r a t i o n .  T h i s  d i f f e r e n c e  p o s s i b l y  was d u e  t o  
v a r i a t i o n s  i n  c a h i n  v o l u m e  a n d  i n  s a m p l i n g  t e c h n i q u e .  T h e  
F A A  s e a t  tes ts  o n  similar m a t e r i a l s  a l s o  r e s u l t e d  i n  a  f l a s h  
f i r e  w i t h  c o m p a r a b l e  t e m p e r a t u r e s  a n d  p r o d u c t s  o f  c o m b u s t i o n  
( r e f .  2 ) .  T h e  s m o k e  d e n s i t y  l e v e l s  m e a s u r e d  d u r i n g  JSC t e s t  
1 f o l l o w e d  t h e  s a m e  p a t t e r n  a s  t h e  l e v e l s  r e c o r d e n  f o r  t h e  
F A A  seat  tests  o f  s i m i l a r  m a t e r i a l s  ( r e f .  2 ) .  T h e  l eve l s  
were c h a r a c t e r i z e d  b y  a r a p i d  r e d u c t i o n  o f  v i s i b i l i t y .  
Smoke p r o d u c t i o n  was not .  c o n t i n u o u s l y  m e a s u r e d  d u r i n g  t h e  
A I A  tests:  t h e r e f o r e ,  n o  s m o k e  d e n s i t y  c o m p a r i s o n s  f o r  JsC 
test  1 a n d  t h e  A I A  t e s t  c a n  b e  made .  B e c a u s e  o f  t h e  
s i m i l a r i t y  o f  t h e  r e s u l t s  o f  t h e s e  t e s t s ,  t h e  i m p r o v e d -  
ma te r i a l s  test  r e s u l t s  a l s o  c a n  b e  c o m p a r e d  g e n e r a l l y  w i t h  
t h e  r e s u l t s  of t h e  e a r l i e r  ATA a n d  FAA tes ts .  
New M a t e r i a l s  ~ e s t  ( T e s t  2 )  
T e s t  r e s u l t s . -  T e s t  2 a l s o  b e g a n  w i t h  a n  i m m e d i a t e  
------------ 
i n d i c a t i o n  of s m o k e  c o m i n g  m a i n l y  f r o m  t h e  J P - 4  i q n i t i o n  
f u e l  a n d  t h e  o u t b o a r d  s ea t  c u s h i o n  a b o v e  t h e  f u e l  f i r e .  T h e  
f i r e  s l o w l y  i n c r e a s e d  i n  s i z e  u n t i l ,  a t  a p p r o x i m a t e l y  
45 s e c o n d s  e l a p s e d  time, i t  i n t e n s i f i e d  a s  t h e  f i r e -  
r e s i s t a n t  m a t e r i a l s  d e c o m p o s e d  a n d  r e l e a s e d  f l a m m a b l e  g a s e s .  
U n l i k e  t h e  m a t e r i a l s  u s e d  f o r  test  1 ,  h o w e v e r ,  t h e  f i r e -  
r e s i s t a n t  m a t e r i a l s  h u r n e d  o r  d e c o m p o s e d  o n l y  w h e r e  e x p o s e d  
t o  t h e  J P - 4  f u e l  f i r e  a n d  d i d  not  a l l o w  t h e  f i r e  t o  
p r o p a q a t e ;  t h e r e f o r e ,  t h e  amoun  t o f  c o m b u s t i b l e  g a s e s  
l i b e r a t e d  d u r i n g  t e s t  2 was a p p a r e n t l y  i n s u f f i c i e n t  t o  
p r o d u c e  a  f l a s h  f i r e .  
After i g n i t i o n ,  t h e  s m o k e  d e n s i t y  i n c r e a s e d ,  a n d  
v i s i h i l i t y  of t h e  f i r e  was l o s t  a t  a p p r o x i m a t e l y  1 5 0  s e c o n d s  
a s  s m o k e  f i l l e d  t h e  c a b i n .  I n  a d d i t i o n ,  c a b i n  t . e m p e r a t u r e s  
s l o w l y  i n c r e a s e d ,  p e a k e d  a t  a p p r o x i m a t e l y  1 5 0  s e c o n d s ,  a n d  
t h e n  b e g a n  t o  d e c r e a s e  ( f i g .  1 9 ) .  T e m p e r a t u r e s  m e a s u r e d  a t  
t h e  s i d e w a l l  a n d  s ea t  armrest a b o v e  t h e  f u e l  p a n  r e a c h e d  950 
K (92500  F)  ; h o w e v e r ,  m o t i o n  p i c t u r e s  r e v e a l e d  t h a t  t h e  T C q s  
a t  these l o c a t i o n s  were p a r t l y  s u b j e c t e d  t-o d i r e c t  f l a m e  
i m p i n g e m e n t  f r o m  t h e  i q n i t i o n  s o u r c e ,  b o t h  d u r i n g  t h i s  t e s t  
a n d  d u r i n q  t e s t s  3 a n d  3. T h e  q r a d u a l  d e c r e a s e  i n  o x y q e n  
( f i g .  9 )  a n d  t h e  q r a d u a l  i n c r e a s e  i n  c a r b o n  m o n o x i d e  a n d  
h y d r o c a r b o n s  [ f i q s .  11 t o  13) i n d i c a t e  a t y p i c a l  o p e n  f i r e  
- - A  a u u  P,,ac,2,, ~f a r z p i d - b l ? r n i n g  f l a s h  f i r e .  A t y p i c a l  o p e n  
f i r e  w o u l d  g r a d u a l l y  cease a s  t h e  o x y q e n  c o n t e n t  o f  t h e  a i r  
r e a c h e d  a p p r o x i m a t e l y  15 p e r c e n t  ( r e f .  2 ) .  E x a m i n a t i o n  of 
f i g u r e s  9  a n d  19 s h o w s  t h a t  t h e  t e m p e r a t u r e s  b e g a n  
d e c r e a s i n g  a s  t h e  o x y q e n  c o n t . e n t  a p p r o a c h e d  t h e  I S - p e r c e a t  
l e v e l .  Maximum h e a t  f l u x  m e a s u r e d  d u r i n g  t e s t  2 ( f i q .  17) 
was less t h a n  0 . 5 7  x 1 0 4  W/mz ( 0 . 5  B t u / f t 2  sec) a t  
1 4 0  s e c o n d s  a f t e r  f u e l  i q n i t i o n .  
F i g u r e s  2 0  t o  2 4  s h o w  c l e a r l y  t h a t  f l a m e s  d i d  n o t  
p r o p a g a t e ,  a n d  d a m a g e  w a s  c o n f i n e d  t o  t h e  s e a t  a b o v e  t h e  
f i r e  a n d  t h e  a d j a c e n t  s i d e w a l l .  T h e  c e i l i n g  was s e v e r e l y  
d a m a g e d  i f  i g .  21) ,  b u t ,  b e c a u s e  o f  i n a d e q u a t e  i n s u l a t i o n  
b e h i n d  p a n e l s  a d j a c e n t  t o  t h e  i g n i t i o n  s o u r c e ,  f l a m e s  m e l t e d  
t h r o u g h  t h e  s i d e w a l l  a n d  s p r e a d  b e t w e e n  t h e  s i d e w a l l  a n d  
i n s u l a t i o n  t o  t h e  u n p r o t e c t e d  b a c k  s i d e  o f  t h e  c e i l i n g  
p a n e l s ,  w h i c h  h a d  a f l a m m a b l e  p a p e r  h o n e y c o m b  c o r e .  T h e  
flames t h e n  m e l t e d  t h r o u g h  t h e  a l u m i n u m  s k i n  a b o v e  t h ~  
c e i l i n g  p a n e l s ,  a n d  t h e  t e s t  w a s  t e r m i n a t e d  a f t e r  280 
s e c o n d s  t o  p r e v e n t  d e s t r u c t i o n  o f  t h e  f u s e l a g e .  T h e  p a p e r  
h o n e y c o m b  c e i l i n g  p a n e l s  were n o t  i n t e n d e d  f o r  i n v o l v e m e n t  
i n  t h e  f i r e  s i n c e  t h e y  were known t o  h e  f l a e m a h l e  a n d  a r e  t o  
b e  e v a l u a t e d  i n  s u b s e q u e n t  t e s t s  u s i n g  f i r e - r e s i s t a n t  
materials.  
Seecific d a m a g 2 . -  T h e  e x t e n t  of d a m a g e  t o  t h e  n e w e r  
- ----------- 
f i r e - r e s i s t a n t  m a t e r i a l s  u s e d  i n  t e s t  2 i s  s u m m a r i z e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s .  
1. S e a t s :  T h e  s e a t  a h o v e  t h e  f i r e  was p a r t l y  c o n s u m e d  
by t h e  f i r e ,  a n d  some o f  t h e  metal  s t r u c t u r e  h a d  m e l t e d  a w a y  
( f i q s .  2 2  t o  2 4 ) .  A p p r o x i m a t e l y  95 p e r c ~ n t .  o f  t h e  b o t t o m  
s ea t  c u s h i o n  u p h o l s t e r y  was  c h a r r e d ,  a n d  a p p r o x i m a t e l y  
5 0  p e r c e n t  o f  t h e  f i r e - r e t a r d a n t .  f o a m  p a d d i n g  w a s  c o n s u m e d .  
T h e  f r o n t  o f  t h e  s e a t - b a c k  u p h 0 l S t ~ r y  was 7 0  p e r c e n t  
c h a r r e d ,  t h e  b a c k  s i d e  w a s  25  p e r c e n t  c h a r r e d  a n d  3 0  p e r c e n t  
s c o r c h e d ,  a n d  t h e  f o a m  p a d d i n g  w a s  d a m a g e d  o n l y  s l i g h t l y .  
T h e  Nomex s e a t h e l t  was a lmost  c o m p l e t e l y  c h a r r e d .  T h e  o t h e r  
s e a t s  wpre n o t  d a m a g e d  e x c e p t  f o r  s l i q h t  s c o r c h i n g  o f  t h e  
s e a t  a d j a c e n t  t o  t h e  d a m a q e d  s e a t .  F i r e - r e s i s t a n t ,  
d i s p o s a b l e  h e a d r e s t  n a p k i n s  h a d  a l s o  b e e n  i n c l u d e d  f o r  
e v a l u a t i o n ;  h o w e v e r ,  m o s t  o f  t h e  n a p k i n s  were b l o w n  f r o m  t h e  
seats  when t h e  c a r b o n  d i o x i d n  e x t i n g u i s h e r  was a c t i v a t e d .  
T h e  n a p k i n s  t h a t  r e m a i n e d  i n  p l a c e  were not .  d a m a q e d .  
2. S i d e w a l l :  A 6 1 - c e n t i m e t e r  ( 2  f o o t )  w i d e  s e c t i o n  o f  
t h e  s i d e w a l l  c o v e r i n q  ( K e l - F  a n d  F l n o r e l  on D u r e t t e )  
a d j a c e n t  t o  t h e  f u e l  p a n  was c h a r r e d  f r o m  t h e  f l o o r  t o  t h e  
h a t r a c k ,  a n d  t h e  a l u m i n u m  p a n e l s  were p a r t l y  m e l t e d .  T h e  
s i d e w a l l  e x t e n d i n q  o u t w a r d  f r o m  e a c h  s i d e  o f  t h e  c h a r r e d  
a r e a  was s c o r c h e d  a n d  b l i s t e r e d  ( f i g .  2 0 ) .  
3. H a t r a c k :  T h e  o n l y  d a m a q e  t o  t h e  h a t r a c k  w a s  o n  t h e  
b o t t o m  s i d e ,  w h i c h  was s c o r c h e d  a n d  b l a c k e n e d .  
4. C e i l i n g  p a n e l s :  T h e  c e i l i n g  p a n e l s  were h e a v i l y  
c h a r r e d  w h e r e  t h e y  j o i n e d  a t  t h e  m i d d l e  o f  t .he  t e s t  s e c t i o n  
( f i q .  2 1 ) .  C l o s e  e x a m i n a t i o n  r e v e a l e d  t h a t  t h e  p a n e l s  h a d  
b u r n e d  f r o m  t h e  b a c k  s i d ~ ,  w h i c h  h a d  n o t  b e e n  c o v e r e d  w i t h  
t h e  f i b e r g l a s s  c l o t h  o v e r c o a t e d  w i t h  K e l - F  a n d  F l u o r e l .  
( T h e  s a m e  t y p e  o f  c e i l i n q  p a n e l  u s e d  i n  t-est 7 w a s  c o v e r e d  
o n  o n e  s i d e  o n l y  w i t h  t h e  Kel-F/Fluorel/fiberglass-cloth 
c o m p o s i t e  f o r  u s e  i n  t e s t  2 . )  T h e  b a c k  s i d a  h a d  b e e n  
i g n i t e d  b y  f l a m e s  t h a t  m e l t e d  t h e  s i d e w a l l  a n d  s p r e a d  
b e t w e e n  t h e  s i d e w a l l  a n d  i n s u l a t i o n  u p  t o  t h e  h a c k  s i d e  o f  
t h e  c e i l i n g  p a n e l s .  T h e  r e m a i n i n g  i n t e r i o r  s i d e  o f  t h e  
c e i l i n q  was s l i g h t l y  s c o r c h e d .  
5. P a s s e n q e r  s e r v i c e  u n i t s :  T h e  p a s s e n g e r  s e r v i c e  
u n i t  a b o v e  t h e  m i d d l e  row o f  s e a t s  was s c o r c h e d  a n d  
b l a c k e n e d ,  b u t  o t h e r w i s e  u n d a m a g e d .  T h e  c t h e r  p a s s e n g e r  
s e r v i c e  u n i t  w a s  b l a c k e n e d  o n  o n e  s i d e  o n l y  ( o n l y  two u n i t s  
were i n c l u d e d  f o r  t e s t i n g ) .  
6 .  C a r p e t :  E x c e p t  f o r  1 o c a l i z " d  c h a r r i n g  a r o u n d  t h e  
f u e l  p a n  c a u s e d  b y  b u r n i n g  f u e l  d r o p l e t s  e x p e l l e d  f r o m  t h e  
p a n  a s  t h e  f u e l  b o i l e d ,  t h e  w o o l  c a r p e t  w a s  n o t  d a m a g e d .  
C o m ~ a r i p o n  w i t h  o t h e r  tests.- F a r  l e s s  m a t e r i a l  d a m a q e  
--- --z------------------, 
o c c u r r e d  i n  t e s t  2 t h a n  i n  test  1 ,  a n d  p r o p a g a t i o n  o f  t h e  
f i r e  w a s  l i m i t e d  ( f i q s .  15 a n d  2 0 ) .  A c o m p a r i s o n  of c e i l i n q  
t e m p e r a t u r e s  ( f i g .  25) i n d i c a t e d  a  maximum t e m p e r a t u r e  o f  
505 K ( 4 5 0 °  F) f o r  tost 2 ,  w h e r e a s ,  d u r i n q  t e s t  1 ,  t h e  
t e m p e r a t u r e  a t  t h e  same l o c a t i o n  was m o r e  t h a n  1033 K (1400° 
P ) .  T e m F e r a t u r e s  a t  o t h e r  l o c a t i o n s  were a l so  s i q n i f i c a n t l y  
l o w e r  i n  t es t  2 a s  compared  t o  t h o s e  m e a s u r e d  i n  t e s t  1 .  
Maximum h e a t  f l u x  l e v e l s  i n  tes t  2 w a r e  o n l y  o n e - f i f t e e n t h  
a s  h i g h  a s  t h o s e  i n  t e s t  1 ( f i g .  1 7 ) .  T h e  l e v e l s  o f  c a r b o n  
monox ide  a n d  c a r b o n  d i o x i d e  were s i q n i f i c a n t l y  l o w e r  i n  t e s t  
2 t h a n  i n  t e s t  1 ( f i q s .  10 a n d  1 1 ) .  A l s o ,  t h e  l o s s  o f  
v i s i b i l i t y  b e c a u s e  o f  smoke d e n s i t y  o c c u r r e d  s i g n i f i c a n t l y  
l a t e r  i n  t e s t  2 t h a n  i n  test 1 ,  a s  shown i n  f i g u r e  18. 
The  c o n c e n t r a t i o n s  o f  n o n h y d r o l y z a b l e  p r o d u c t s  o f  
c o m b u s t i o n  p r o d u c e d  d u r i n g  J S C  tes t  2 were much l o w e r  t h a n  
t h e  c o n c e n t r a t i o n s  f o u n d  i n  JSC test  1 a n d  t h c s e  r e p o r t e d  
f o r  t h e  A I A  t e s t .  The  r e s u l t s  o f  t h e  A I A  P r e s e n t  I n - S e r v i c e  
M a t e r i a l s  T e s t  were u s e d  t o  p r o v i d e  b a s e l i n e  d a t a  on t h e  
h y d r o l y z a b l e  F r o d u c t s  o f  c o m b u s t i o n .  A s  shown i n  t a b l e  111, 
t h e  maximum c h l o r i d e  v a l u e  i n  J S C  test 2 was h i g h e r  t h a n  t h e  
AT&-measured  c o n c e n t r a t i o n ,  a n d  t h e  f l u o r i d e  a n d  c y a n i d e  
v a l u e s  w e r e  c o n s i d e r a b l y  l o w e r .  Eecause o f  s l i g h t  
d i f f e r e n c e s  i n  t h e  t e s t  c o n f i g u r a t i o n  a n d  i n  t h e  g a s  
s a m p l i n q  a n d  a n a l y z i n g  t e c h n i q u e s ,  no  d i r e c t  c o m p a r i s o n  o f  
t h e  J S C  a n d  A I A  h y d r o l y z a b l e  p r o d u c t s  o f  c o m b u s t i o n  h a s  b e e n  
a t t e m p t e d .  
However, t w o  i m p o r t a n t  f a c t o r s  i n d i c a t e d  by t h e s e  d a t a  
s h o u l d  b e  p o i n t e d  o u t .  F i r s t ,  a l t h o u q h  much g r e a t e r  a m o u n t s  
o f  f l u o r i n e - b a s e  p o l y m e r s  ware p r e s e n t  i n  J S C  t e s t  2 t h a n  i n  
t h e  A I A  test,  t h e  m e a s u r e d  f l u o r i d e  c o n c e n t r a t i o n  was  
r e l a t i v e l y  low,  a s  e x p e c t e d .  A f l u o r i d e  a b s o r b e r  ( o r  
s c a v e n g e r )  had  b e e n  compounded i n t o  t h e  F l u o r e l  f o r m u l a t i o n  
t o  c a p t u r e  a n d  c o n v e r t  t h e  r e a c t i v e  f l u o r i n e  s p e c i e s  t o  a 
s o l i d  a s h :  t h i s  f o r m u l a t i o n  r e s u l t e d  i n  r e d u c t i o n  o f  t h e  
a m o u n t  o f  t o x i c  g a s e s ,  s u c h  a s  c a r b o n y l  f l u o r i d e  a n d  
h y d r o g e n  f l u o r i d e ,  r e l e a s e d .  S e c o n d ,  t h e  c y a n i d e  
c o n c e n t r a t i o n  r e d u c t i o n  was  a l s o  e x p e c t e d  b e c a u s e  o f  t h e  
r e p l a c e m e n t  o f  t h e  u r e t h a n e - b a s e  seat  c u s h i o n  m a t e r i a l  u s e d  
i n  JSC test  1 a n d  i n  t h e  AfA tes t  w i t h  a f i r e - r e s i s t a n t  
u r e t h a n e  foam. T h i s  new u r e t h a n e  m a t e r i a l  w i l l  n o t  s u s t a i n  
c o m b u s t i o n  a n d ,  t h e r e f o r e ,  w i l l  n o t  release t o x i c  c y a n i d e  
p r o d u c t s  o f  c o m b u s t i o n ,  s u c h  a s  h y d r o g e n  c y a n i d e ,  u n l e s s  
e x p o s e d  t o  a n  e x t e r n a l  h e a t  s o u r c e .  A c o m p a r i s o n  o f  t r a c e  
c o m p o n e n t s  of c o m b u s t i o n  t h a t  were d e t e c t e d  b u t  n o t  
q u a n t i f i e d  is p r e s e n t e d  i n  t a b l e  I V .  
A n a l y s i s  o f  t h e  c o m p a r a t i v e  r e s u l t s  o f  tests  1 a n d  2 
a l s o  i n d i c a t e s  t h a t  more time would  b e  a v a i l a b l e  t o  c o m b a t  
a n d  e x t i n g u i s h  a n  i n - f l i g h t  c a b i n  f i r s  or a n  u n a t t e n d e d  
g r o u n d  f i r e  i n  a n  a i r c r a f t  r e f u r b i s h e d  w i t h  t h e  i m p r o v e d  
m a t e r i a l s .  A l t h o u g h  c o m p a r a t i v e  r e s u l t s  show t h a t  a 
s i g n i f i c a n t  i r ~ r o v e m s n t  was a t t a i n e d  i n  t e s t  2,  t h e  
u n e x p e c t e d  b u r n i n q  o f  t h e  p a p e r  honeycomb c e i l i n g  p a n e l s  
( w i t h  t h e i r  a d d i t i o n a l  c o n t r i b u t i o n  t o  t h e r m a l  a n d  
c o m b u s t i o n  p r c d u c f s )  r e s u l t e d  i n  s o m e  m a s k i n q  o f  t h e  r e a l  
i m p r o v e m e n t  p r o v i d e d  b y  t h e  new m a t e r i a l s .  A s  p r e v i o u s l y  
s t a t e d ,  t h e r e  was  e v i d e n c e  t h a t  a  f l a s h  f i r e  d i d  o c c u r  i n  
t e s t  1; h o w e v e r ,  f o r  test  2, a l l  e v i d e n c e  p o i n t s  t o  t h e  
c o n c l u s i o n  t h a t  n o  f l a s h  f i r e  o c c u r r e d .  ( S e e  t h e  p r e c e d i n g  
d i s c u s s i o n  a n d  f i g s .  17 a n d  2 5 . )  
N e w  Materials T e s t  W i t h  S m o k e l e s s  F u e l  ( T e s t  3 )  
xggf Resul ts . -  D u r i n q  t e s t  3 ,  i t  was  v i s u a l l y  o b s e r v e d  
a n d  m o t i o n  p i c t . u r e s  l a t - e r  v e r i f i e d  t h a t  t h e  s m o k e l e s s  f u e l  
( a c e t o n e  a n d  m e t h a n o l )  d i d  n o t  p r o d u c e  a  f i r e  a s  d y n a m i c  a s  
t h e  J P - 4  a i r c r a f t .  f u e l  f i r e .  More time was r e q u i r e d  t o  
i g n i t e  t h e  smokeless f u e l ,  a n d  m o r e  time w a s  r e q u i r e d  f o r  
t h e  f u e l  t o  r e a c h  m a x i m ~ m  b u r n i n g  t e m p e r a t u r e .  I n  a d d i t i o n ,  
t h e  f l a m e s  o f  t h e  b u r n i n g  s m o k e l e s s  f u e l  were n o t  a s  l a r q e  
a n d  d i d  n o t  e x t e n d  o u t w a r d  f r o m  b e n e a t h  t h e  s e a t  t o  i m p i n g e  
on t h e  a d j a c e n t  s i d e w a l l  a s  much a s  d i d  t h e  f l a m e s  o f  t h e  
b u r n i n g  JP-4 a i r c r a f t  f u e l .  C o n s e q u e n t l y ,  c a b i n  
t e m p e r a t u r e s  i n c r e a s e d  s l o w l y  t o  a maximum v a l u e  o f  533 K 
( 5 0 0 0  F) ( a t  t h e  s i d e w a l l  a d j a c e n t  t o  t h e  f u e l  p a n ,  a t  
w i n d o w  l e v e l )  at. 2 0 0  s e c o n d s  e l a p s e d  time, a n d  t h e n  
d e c r e a s e d  s l o w l y  ( f i q .  2 6 ) .  Smoke  p r o d u c t i o n  was  s l i g h t  
( f i g .  18)  u n t i l  8 0  s e c o n d s ,  when t h e  s m o k e  b e g a n  t o  i n c r e a s e  
s l o w l y .  A l eve l  o f  55  p e r c e n t  w a s  m e a s u r e d  a t  t h e  c e i l i n q  
s m o k e  d e t e c t o r  2 4 0  s e c o n d s  a f t e r  i g n i t i o n .  T h e  t e s t  2 l e v e l  
was 9 4  p e r c e n t .  
T h e  d a t a  i n d i c a t e  t h a t  a  t y p i c a l  o p e n  f i r e  o c c u r r e d ,  
s imilar  t o  t h e  f i r e  t h a t  o c c u r r e d  i n  t e s t  2 r a t h e r  t h a n  a 
r a p i d - b u r n i n g  f l a s h  f i r e  s u c h  a s  t h a t  o b s e r v e d  d u r i n g  t e s t  
1. D a m a g e  t o  t h e  s e a t  a b o v e  t h e  f u e l  f i r e  was almost  
i d e n t i c a l  t o  t h a t  i n  test, 2 ,  b u t  s i d e w a l l  d a m a q e  was l e s s  
severe. C e i l i n g  d a m a g e  was a l s o  less s e v e r e  b e c a u s e  
a d d i t i o n a l  f i r e b r e a k  i n s u l a t i o n ,  w h i c h  h a d  b e e n  a d d e d  t o  
f i l l  t h e  g a p  b e t w e e n  e x i s t i n g  i n s u l a t i o n  a n d  t h e  s i d e w a l l s .  
p r e v e n t e d  p r o p a g a t i o n  o f  f l a m e s  t o  t h e  b a c k  s i d e  o f  t h e  
c e i l i n g  p a n e l s .  C o n s e q u e n t l y ,  m a j o r  d a m a g e  w a s  s u s t a i n e d  
o n l y  b y  t h e  s e a t  d i r e c t l y  a b o v e  t h e  f u e l  f i r e ;  t h u s ,  l o w e r  
c a b i n  t e m p e r a t u r e s ,  l e s s  r a i f i a n t  h e a t ,  a n d  s m a l l e r  
c o n c e n t r a t i o n s  o f  c o m b u s t i b l e  p r o d u c t s  r e s u l t e d .  B e c a u s e  
t h e  f i r e  was s m a l l ,  t h e  t e s t  was c o n t i n u e d  f o r  8 4 0  s e c o n d s  
b e f o r e  t n r m i n a t i o n ;  h o w e v e r ,  t e s t  v a l u e s  b e y o n d  30C s e c o n d s  
a r e  n o t  r e p o r t e d .  
S ~ e c i f i c  f i r e  d a m a g e . -  P o s t - t e s t  i n s p e c t i o n  r e v e a l e d  
- --------------- 
d a m a g e  t o  t h e  i n t e r i o r  m a t e r i a l s  s i m i l a r  t o ,  h u t  n o t  a s  
s e v e r e  a s ,  t h a t  s u s t a i n e d  d u r i n g  t h e  p r e v i o u s  t e s t  o f  t h e  
new m a t e r i a l s .  T h e  e x t e n t  o f  d a m a g e  i s  s u m m a r i z e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s .  
1. S e a t s :  T h e  sea t  a b o v e  t h e  i g n i t i o n  s o u r c e  was 
p a r t l y  c o n s u m e d  b y  t h e  f i r e ,  a n d  s o m e  o f  t h e  m e t a l  s t r u c t u r e  
h a d  m e l t e d .  A l l  t h e  b o t t o m  s e a t  c u s h i o n  u p h o l s t e r y  w a s  
c h a r r e d ,  a n d  a l l  t h e  f i r e - r e t a r d a n t  f oam p a d d i n g  w a s  
c o n s u m e d .  T h e  Nomex s e a t b e l t  was  a l s o  c o m p l e t e l y  c h a r r e d .  
T h e  f r o n t  o f  t h e  s e a t - h a c k  u p h o l s t e r y  was  6 0  p e r c e n t  
c h a r r e d ,  t h p  o p p o s i t e  s i d e  w a s  20 p e r c e n t  c h a r r e d  a n d  
30 p e r c e n t  s c o r c h e d ,  a n d  t h e  foam p a a d i n g  was  o n l y  s l i g h t l y  
damagea .  T h e  h e a d r e s t  n a p k i n  was  s c o r c h e d  b u t  d i d  n o t  b u r n .  
E x c e p t  f o r  s l i g h t  s c o r c h i n g  of t h e  s e a t  a d j a c e n t  t o  t h e  
d a m a g e d  s e a t ,  t h e  o t h e r  s e a t s  were n o t  d a m a g e d .  
2. S i d e w a l l :  A 9 3 0 - s g u a r e - c e n t i m e t e r  (1  s q u a r e  f o o t )  
s e c t i o n  o f  t h e  s i d e w a l l  c o v e r i n g  a d j a c e n t  t o  t h e  f u e l  p a n  
was c h a r r e d ,  a n d  a n  a p p r o x i m a t e l y  1 0 - c e n t i m e t e r  ( 4  i n c h )  
s q u a r e  s e c t i o n  o f  t h e  a l o m i n u m  p a n e l  h a d  m e l t e d .  A d d i t i o n a l  
areas o f  t h e  s i d e u a l l  c o v e t i n g  were b l i s t e r e d  by  t h e  h e a t .  
3. H a t r a c k :  T h e  b o t t o m  s i d e  of t h e  h a t r a c k  w a s  
s l i g h t l y  s c o r c h e d .  
U,  C e i l i n g :  T h e  c e i l i n g  p a n e l s  were s l i g h t l y  s c o r c h e d  
a n d  b l i s t e r e d  b y  t h e  h e a t .  B u r n i n g  d i d  n o t  o c c u r  b e h i n d  t h e  
p a n e l s  a s  i t  d i d  i n  t e s t  2. 
5. P a s s e n g e r  s e r v i c e  u n i t :  O n l y  o n e  p a s s e n g e r  s e r v i c e  
u n i t ,  p l a c e d  a b o v e  t h e  m i d d l e  row o f  s e a t s ,  w a s  u s e d  f o r  
t h i s  test; t h e  u n i t  was s c o r c h e d  s l i q h t l y  o n  t h e  bot t .om 
s i d e .  
6. C a r p e t :  T h e  wool c a r p e t  was s c o r c h e d  a r o u n d  t h e  
f u e l  p a n  a s  i t  was i n  t e s t  2. 
c , a r a ~ a r & s o n  w i t h  st&=r tests.- R c o m p a r i s o n  o f  t h e  d a t a  
from f i g u r e s  17, 19. 25,  a n d  26  s h o w s  t h a t  t h e  r a d i a n t  h e a t  
f l u x  a n d  t h e  c a b i n  t e m p e r a t u r e s  m e a s u r e d  a t  t .he  c e n t e r  o f  
t h e  tes t  s e c t i o n  f o r  t e s t  3 were a p ~ r o x i m a t e l y  h a l f  t h e  
v a l u e s  f o r  t e s t  2. F x a m i n a t i o n  o f  t h e  g a s  a n a l y s i s  r e s u l t s  
( f i g s .  10 t o  1 3  a n d  2 7  t o  29) s h o w s  t h e  s a m e  g e n e r a l  t r e n d  
o f  a 5 0 - p e r c e n t  r e d u c t i o n  f o r  many o f  t h e  p r o d u c t s  o f  
c o m b u s t i o n .  A c o m p a r i s o n  o f  t r ace  c o m b u s t i o n  p r o d u c t s  
( t a b l e  Ill), d e t e c t e d  b u t  n o t  q u a n t i f i e d ,  s h o w s  a r e d u c t i o n  
i n  t h e  n u m b e r  of t h o s e  c o m p o n e n t s  i n  t e s t  3 a s  c o m p a r e d  w i t h  
t h e  n u m b e r  i n  t es t  2. 
B e c a u s e  i d e n t i c a l  m a t e r i a l s  were u s e d  i n  t e s t s  2 a n d  3, 
t h e  d i f f e r e n c e s  i n  v i s i b i l i t y  49U a n a  55 p e r c e n t ,  
r e s p e c t i v e l p ,  a t  240 s e c o n d s  e l a p s e d  time) ( f i g .  1 8 ) )  
r e s u l t e d  p a r t l y  f r o m  t h e  a d d i t i o n a l  s m o k e  p r o d u c e d  by t h e  
JP-4  f u e l .  :Some  of t h e s e  d i f f e r e n c e s  a l s o  u n d o u b t e d l y  were 
d u e  to  t h e  smal ler  f i r e  ana less b u r n i n g  o f  m a t e r i a l s  t h a t  
o c c u r r e d  i n  test  3. T h i s  i n f o r m a t i o n  a l s o  i n d i c a t e s  t h a t  a 
s i g n i f i c a n t  p o r t i o n  o f  t h e  r e d u c t i o n  i n  v i s i b i l i t y  w i t h i n  
t h e  c a b i n  f o r  t e s t s  1 a n ?  2 was d u e  t o  t h e  s m o k e  p r o d u c e d  b y  
t h e  J P - 4  i g n i t i o n  s o u r c e .  H o w e v e r ,  e v e n  a f t e r  c o n s i d e r i n g  
t h e  s m o k e  c o n t r i b u t i o n  o f  t h e  J P - 4  f u e l ,  t h e  s m o k e  d e n s i t y  
o f  tes t  1  w o u l d  s+ i l l  b e  c o n s i d e r a b l y  q r e a t e r  t h a n  t h a t  o f  
test  2. 
R e s u l t s  o f  t e s t s  2 a n d  3 a l s o  s h o w e d  t h a t  t h e  t y p e  of 
i g n i t i o n  f u e l  u s e d  i n f l u e n c e d  t h e  r e s u l t s  o f  t h e  tes ts  
b e c a u s e  o f  d i f f e r e n c e s  i n  a m o u n t s  of t h e r m a l  i n p u t  a n d  s m o k e  
p r o d u c t i o n .  T h e  a d d i t i o n a l  b u r n i n g  t h a t  c c c u r r e d  i n  t e s t  2 
was p o s s i b l y  a more s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  
r e d u c t i o n  i n  t h e  p a r a m e t e r s  u s e d  f o r  c o m p a r i n q  t h e  r e s u l t s  
of t e s t s  3 a n d  2 .  As p r e v i o u s l y  m e n t i o n e d ,  t h i s  b u r n i n g  
o c c u r r e d  b e c a u s e  of i n a d e q u a t e  i n s u l a t i o n  b e h i n d  w a l l  a n d  
c e i l i n g  p a n e l s  i n  test 2 .  T h e  c e i l i n q  b u r n e d  a n d  
c o n t r i b u t e d  t o  t h e  f i r e ,  r e s u l t i n q  i n  h i g h e r  t e m p e r a t u r e s  
a n d  l a r g e r  q u a n t i t i e s  of c o m b u s t i o n  p r o d u c t s  i n  t e s t  2 t h a n  
i n  t e s t  3. 
CONCLIJDXNG REMARKS 
T h r e e  f u l l - s c a l s  a i r c r a f t  f l a m m a b i l i t y  t e s t s  were 
p e r f o r m e d  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of new f i r e -  
r e s i s t a n t  m a t e r i a l s  b y  c o m p a r i n g  t h e i r  b u r n i n g  
c h a r a c t e r i s t i c s  w i t h  t h o s e  of o l d e r  a i r c r a f t  m a t e r i a l s .  I n  
test  1 ,  p r e - 1 9 6 8  ma te r i a l s  were t e s t e d  t o  c o r r e l a t e  w i t h  
p r e v i o u s  t e s t s  o f  s i m i l a r  m a t e r i a l s  b y  t h e  A e r o s p a c e  
I n d u s t r i e s  Assoc ia t ion  o f  A m e r i c a ,  I n c . ,  a n d  t o  p r o v i d e  a 
b a s e l i n e  f o r  s u h s e q u e n t  t e s t s .  T h e  t e s t  r e s u l t e d  i n  
s i q n i f i c a n t  f i r e  p r o p a g a t i o n ,  r a p i d  l o s s  o f  v i s i b i l i t y ,  
e v i d e n c e  of a f l a s h  f i r e  ( c h a r a c t e r i z e d  b y  r a p i d  o x y g e n  
d e p l e t i o n  a n d  r a p i d  t e m p e r a t u r e  i n c r e a s e ) ,  s i q n i f i c a n t  
q u a n t i t i e s  o f  t o x i c  q a s e s ,  a n d  h i g h  t e m p e r a t u r e s .  8 a j o r  
f i r e  d a m a g e  was s u s t a i n e d  t h r o u g h o u t  t h e  tes t  s e c t i o n .  
T e s t  2 ,  i n  w h i c h  newer f i r e - r e s i s t a n t  m a t e r i a l s  were 
t e s t e d ,  r e s u l t e d  i n  l e ss  f i r e  p r o p a g a t i o n ,  lower 
t e m p e r a t u r e s ,  a  l o n g e r  time l a p s e  b e f o r e  l o s s  o f  v i s i b i l i t y ,  
a n d  a s i g n i f i c a n t  r e d u c t i o n  o f  t o x i c  g a s  c o n c e n t r a t i o n s  
b e c a u s e  o f  t h e  much smal ler  f i r e .  No f l a s h  f i r e  o c c u r r e d  
( t h e r e f o r e ,  minimum o x y g e n  d e p l e t i o n )  a n d  t h e  f i r e  d a m a g e  
was v e r y  l i m i t e d .  U n l i k e  t h e  mater ia ls  u s e d  f o r  t e s t  1, t h e  
f i r e - r e s i s t a n t  mater ia ls  b u r n e d  o r  d e c o n p o s e d  o n l y  w h i l e  
e x p o s e d  t o  t h e  f u e l  i g n i t i o n  s o u r c e  a n d  d i d  n o t  p r o p a g a t e  
t h e  f i r e  s i g n i f i c a n t  d i s t a n c e s  f r o m  t h e  i g n i t i o n  s o u r c e .  
U n f o r t u n a t e l y ,  some i n c r e a s e  i n  t e m p e r a t u r e  a n d  com b u s t i o n  
p r o d u c t s  o c c u r r e d  d u r i n g  test  2 b e c a u s e  o f  t h e  b u r n i n q  f r o m  
t h e  b a c k  s i d e  of t h e  f l a m m a b l e  p a p e r  h o n e y c o m b  c e i l i n g  
p a n e l s .  T h i s  u n e x p e c t e d  b u r n i n g  p r o b a b l y  d e t r a c t e d  t o  some 
e x t e n t  from t h e  d e g r e e  o f  i m p r o v e m e n t  t h a t  c o u l d  b e  e x p e c t e d  
o f  t h e  new m a t e r i a l s .  
I n  t e s t  3 ,  t h e  JP-4  a i r c r a f t  f u e l  i g n i t i o n  s o u r c e  was  
r e p l a c e d  w i t h  a  s m o k e l e s s  f u e l  ( a c e t o n e / m e t h a n o l ) .  The  
r e s u l t  was  a n  e v e n  q r e a t e r  r e d u c t i o n  i n  t e m p e r a t u r e s ,  smoke ,  
t o x i c  g a s  p r o d u c t i o n ,  a n d  f i r e  damage t h a n  was  o b s e r v e d  i n  
t h e  p r e v i o u s  t e s t  o f  t h e  newer m a t e r i a l s .  P a r t  o f  t h e  
r e d u c t i o n s  d u r i n g  test  3 c a n  b e  a t t r i b u t e d  t o  t h e  p r o v i s i o n  
o f  m,ore i n s u l a t i o n  t o  p r e v e n t  b u r n i n q  o f  f l a m m a b l e  c e i l i n q  
m a t e r i a l s ,  s u c h  a s  b u r n e d  i n  t e s t  2 .  The  r e s u l t s  o f  t e s t  3 
d o c u m e n t e d  t h e  s i g n i f i c a n c e  o f  t h e  smoke p r o d u c e d  b y  t h e  JP- 
4 a i r c r a f t  f u e l  i n  r e d u c i n q  c a b i n  v i s i h i l i t y  a n d  a l s o  
p e r m i t t e d  a n  e v a l u a t i o n  o f  t h e  smoke p r o d u c e d  o n l y  by  t h e  
f i r e - r e s i s t a n t  m a t e r i a l s .  As i n  t e s t  2 ,  n o  f l a s h  f i r e  w a s  
o b s e r v e d  d u r i n g  t h e  5- t o  6 - m i n u t e  v i s i b l e  p o r t i o n  o f  t e s t  
3 .  F u r t h e r m o r e ,  a n a l y s i s  of a l l  o t h e r  e v i d e n c e  i n d i c a t e s  
t h a t  n o  f l a s h  f i r e  o c c u r r e d  a t  a n y  time d u r i n g  t h e  t e s t .  
R e s u l t s  f r o m  tes t s  2 a n d  3  d e m o n s t r a t e d  t h a t  u s e  o f  t h e  
i m p r o v e d  m a t e r i a l s  wou ld  p r o v i d e  some d e g r e e  o f  a d d i t i o n a l  
~ ~ f e t y  .I:ri~; a i r c r z f t  c a b i n  f i r e s .  S u b s t a n t i a l  i q n i t i c n  
s o u r c e s  would b e  r e q u i r e d  t o  i g n i t e  t h e  i m p r o v e d  m a t e r i a l s .  
When i g n i t i o n  f r o m  s u c h  s o u r c e s  o c c u r s ,  t h e  f i r e  wou ld  
r e m a i n  somewha t  s u b d u e d  f o r  a s i g n i f i c a n t  t ime, t h u s  
p e r m i t t i n g  a d e q u a t e  time f o r  i m p l . e m a n t a t i o n  o f  
e x t i n g u i s h m e n t  p r o c e d u r e s .  
Lyndon B. J o h n s o n  S p a c e  C e n t e r  
N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  A d m i n i s t r a t i o n  
H o u s t o n ,  T e x a s ,  J u n e  2 5 ,  1 9 7 4  
501-33-19-01-72 
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TABLE I . -  PRE-1968 MATERIALS V S E C  I N  TEST  1 
C c m m e n t s  
C r i g i n a l  E o e i n g  7 2 7  p a r t  
( C u r r e n t  B o e i n g  7 2 7  
p a r t  i s  N o m e x - c o r e /  
f o a m - e d g e d  f i b e r g l a s s  
s a n d w i c h  .) 
P a r t  d e s c r i p t i c n  
C e i l i n g  p a n e l  
I S i d e w a l l  p a n e l s  ( T e d l a r  v i n y l / a l u m i n u m  l a m i n a t e  I S t a n d a r d  E o e i n g  7 3 7  p a r t  
Materials u s e d  
- 
V i n  y l - c o v e r e d  p a p e r - c o r e / w o o d -  
e d g e d  f i b e r g l a s s  s a n d w i c h  
I Flccr c o v e r i n g  I None u s e d  I -- I H a t r a c k  b u l l n o s e  I V i n y l - c o v e r e d  u r e t h a n e  icam I S t a n d a r d  E o e i n g  1 2 7  p a r t  
Ha t r a c k  
P a s s e n g e r  s e r v i c e  
unit 
S e a t s  
Paper-core/aluminum-edged 
f i b e r g l a s s  s a n d w i c h ;  u n d e r -  
s i d e  o f  AMS-3570 f o a m  
c o v e r e d  w i t h  s u p p o r t e d  
v i n y l  
P o l y s u l f o n e  
C u s h i o n s :  AMS-3570; c u s h i o n  
f a b r i c :  n y l c n - w o o l - r a y o n  
c o m b i n a t i o n ;  armrests: f c a m  
r u b b e r  c o v e r e d  w i t h  n a t u r a l .  
l e a t h e r ;  s e a t  b a c k  a n d  l i t e r -  
a t u r e  p o c k e t :  S U F F C ~ ~ ~ ~  
v i n v l :  s e a t b e l t :  n v l c n  
C r i g i n a l  B o e i n g  7 2 7  p a r t  
( C u r r e n t  B o e i n g  7 2 7  p a r t  
is N o m e x - c o r e  s a n d w i c h . )  
C r i g i n a l  B o e i n g  7 3 7  p a r t  
( C u r r e n t  B o e i n g  737 p a r t  
i s  p o l y c a r b o n a t e . )  
S t a n d a r d  B o e i n g  7 0 7  p a r t  
TAFLE 11.- NEW FIRE-RESISTANT RATERIALS CSED I h  TESTS 2 A R C  3  
- 
P a r t  d e s c r i p t i o n  
C e i l i n g  p a n e l  
S i d e w a l l  p a n e l s  
F l o o r  c o v e r i n g  
H a t r a c k  b u l l n o s e  
H a t r a c k  
P a s s e n g e r  service 
u n i t  
s e a t s  
M a t e r i a l s  u s e d  
P i b e r q l a s s  c o a t e d  w i t h  w h i t e  
P l u o r e l  1 - 3 2 9 3 - 6 ,  o v e r c o a t e d  
u i t h  K e l - F  FX703,  a p p l i e d  t o  
i d e n t i c a l  c e i l i n q  p a n e l s  o f  
p r e - 1 9 6 8  m a t e r i a l s  t e s t  
( t e s t  1) 
C u r e t t e  4 C C - 5  c o a t e d  w i t h  
F l u o r ~ l  L - 3 i C 3 - 6 ,  o v e r c o a t e d  
u i t h  K e l - F  1 x 7 0 3 .  a p p l i e d  t o  
a l u m i n u m  s h e e t  
wool c a r ~ e t  t r e a t e d  w i t h  
ammonium d i h y d r c g s n  ~ h c s -  
p h a t e  a n d  h i g h - r e s i l i e n c e  
f o a m  p a d d i n g  t r e a t e d  w i t h  
f l u c r e l  1 - 3 2 0 3 - 6  
P i t e r g l a s s  c o a t e d  u i t h  w h i t e  
F l u o r e l  I.-32C3-6, o v e r c c a t f d  
w i t h  Ke1'-F I X 7 C 3 ,  p l a c e d  
o v e r  h i g h - r e s i l i e n c e  f o a m  
t r e a t e d  w i t h  F l u c r e l  I-32C3-6 
Paper-core/aluminum-edqed 
f i b e r g l a s s  s a n d w i c h ,  u n d e r -  
s i d e  o f  t r e a t a d  h i g h -  
r e s i l i e n c e  f o a m ,  c o v e r f d  
h y  f i h e r q l a s s  c c a t e d  w i t h  
w h i t e  F i u c r e l  1.-32C3-6, 
o v e r c o a t e d  k i t h  K e l - F  FX7G3 
FED-49 f e l t  i m p r e q n a t e d  w i t h  
6113  r e s i n  a n d  p a i n t e d  ~ i t h  
w h i t e  F l u c r c l  L - 3 2 0 3 - 6  
C u s h i o n s :  t r e a t e d  h i g h -  
r e s i l i e n c e  f o a n :  c u s h i o n  
f a b r i c :  F r o b a n  wool; a r m -  
res ts :  C u r e t t e  4 0 0 - 5  c c a t c d  
u i t h  b l u e  F ~ U C I F ~  1 - 3 2 0 3 - 6 ,  
o v e r c o a t e d  w i t h  K e l - F  FX7C3; 
s e a t  b a c k :  F r o t a n  w o o l ;  
' s e a t b e l t :  Ncrex 
c c m m e n t s  
-- 
- - 
- - 
-- 
P a p e r - c o r e / a l u m i n u s -  
e d q e d  f i t e r q l a s s  
- s a n d w i c h  w a s  c r i q i -  
n a l  E c e i n q  7 2 7  p a r t  
- - 
- -  
TAELE 111.- CCNCENTRATIONS O F  OXYGEN ANC CF GASEOUS CONBUSTION PRODUCTS 
: D a t a  f r c a  s i m i l a r  A I A  test cf pre-1968 m a t e r i a l s  i r e f .  1 ) .  
W c n v e r t e d  f r o m  h y d r o g e n  f l u o r i d e .  
. . . . . . . . .  
C a r b c n  n c n c x i d e ,  ~ / m  . . . . . . . . . . .  
N e t h a n e ,  ~ / m  . . . . . . . . . . . . . .  
E t h y l e n e ,  F/r . . . . . . . . . . . . . .  
C h l c r i d e  ( a =  h y d r o g e n  c h l c r i d e ) ,  p/m . . .  
F l u o r i d e  ( a s  c a r b c n y l  f l u o r i d e ) ,  ~ / m  . . .  
C y a n i d e  ( a s  h y d r c g e n  c y a n i d e ) ,  1; /m . . . .  
1,2188 
"000 
6 5  
46 
5 8 
2 3 
TRELF 1V.- A t C l T I C R R I  E P C C U C T S  C F  C C F e U S l I C X  
l n c r e  s e n s i t i v e  a n a l y t i c d l  t e c h n i q u e s  i e t e  used f c r  t h o  nnker  m a t e r i a l s  t ~ s f s  t h a n  
f c r  t h d   re-1'68 ! r a t e r i a l s  t e s t .  
Newer f i r e - r f s i 5 t a r : t  
m a t e r i a l s  t e s t  
u i t h  s m o k ~ l e s s  f u e l  
( t e s r  1) 1 
x 
x 
X 
X 
X 1 
N ? Y B L  f i r e - r e s i s t a n t .  
m a t e r i a l s  t ? s t  
( t o s t  2 )  1 
x 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
Ccmbus t i cn  ~ r o d u c t s  
Benzene 
1 . 3 - t u t a d i e n e  
2 -hu tanone  
1 - b u t e n e  o r  2 - t u t e s e  
C a r b c n y l  s u l f i d e  
C h l c r c t r i f l u o ~ c e t h y l e r ~ ~  
1 . 2 - d i c h l c t c ~ r c ~ d n t  
E thane  
Freon 1 1  ( 5 2 5  [ : / m )  
Freon 21 
Frecn  113 (115  ~ / m )  
H e x a f l u c r c ~ r c ~ € n ~  
Pro[:anone 
E r o ~ e n e  
T e t r a f  l u c r c e t b y l c n f  
' I c luene  
l r i f l u c r c e t h y l f n e  
F e t h y l  c h l o r i d s  
F r c t a n e  (11136 p/m) 
~ c l u e n c !  
V i n y l  c h l o r i d e  
F o s s i h l y  t e n z o f u r a n  snd 
c a y h t h a l e n ~  
F o s s i t l y  s t y r e n e .  0 - x y l e n f ,  
and p- c r  r - x y l e n ?  
P o s s i b l y  2 m o n c h y d ~ o t l u o r c -  
c a r b o n s  
Pre -1968  m a t p r i a l s  t e s t .  
( t e s t  1)  
x 
Figlare 1 . -  Boeing.737 test fuselage. 
Figure 1.- Typically furnished 4.6-meter 115 foot) test sactioa, 
TV camera Air  inlet 
3 .  (standing 5.7 m / m ~ n  Camera 
shoulder (200 ft'/min) (floor level) level) 
Instrumentation legend 
- 1 -  Thermocouple (TC) 
9 Calorimeter 
A Smoke detector 
Pressure transducer 
Gas - 
t -.-, >,-- TC tree ameras Seat 5 L- ; -- 2- (window level) I I 
Seat TC tree 
p:-y 1 
Fuel  pan 
I 
-. - 
Inside dimensions 
Length: 4.6 m ( 1 5  f t )  (window level) Width: 3 . 5  m ( 1 1 . 5 0  ft) 
Height: 2.4 m ( 7 . 7 5  f t )  
Camera Volume: -31 m3 (-1100 
(seat- top 
level) 
Figure 3.- Test setup and ins t rument .a t ion l o c a t i o n s .  
Figure 4.- Test configuration for test 1 using pre-1968 materials, 
side view. 
r 
Figure 5.- Test configuration for test 1 using pre-1968 materials, 
front view. 
Figure 0 . -  rcsL ~u~~figuracruxr Lur c c a ~ a  L clrdu J uarlly ucw u ~ a ~ c r r a l ~ ,  
side view. 
Figure 7.- Test configuration for tests 2 and 3 using new materials, 
front view. 
-- 
. -- 1 
Time, sec 
Figure 8.- Temperatures at center of test section, 
pre-1968 materials. 
Figure 9.- Oxygen concen t r a t i on .  
New materials and smokeless fuel 
- 
New materials P r e - 1 9 6 8  materials 
- c02 extinguisher on 
- 
Carbon dioxide (CO ) extinwisher on 2 
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Figure  10.- Carbon d iox ide  concen t r a t i on .  
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Figure  11.- Carbon monoxide concen t r a t i on .  
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Figure 12. -  Methane concen t r a t i on .  
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Figu re  13.- Ethy l ene  concentration. 
.'igure 14.- Sidewall fire damage -,- test : - ~ i n g  ,-e-1968 
materials .- 
Figure 15.-  Fire damage for test 'I using pre-1968 materials, 
side view. 
Figure 16.- Fire damage for test 1 using pre-1968 materials, 
front view. 
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Figure 17.-  Heat f l u x  a t  center  of t e s t  section, center a i s le .  
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Time, sec 
Figure 18.- Minimum and maximum smoke density levels. 
Figure 19.- 
r Seat bottom, above fuel  pan 
0 60 12 0 180 2 40 30 0 
Time, sec 
Temperatures at center of test section, new materials. 
Figure 20.- Fire damage for test 2 using new materials, side view. 
Figure 21.- F i r e  damage foz test 2 using new materials, front view. 
Figure 22.- Seat bottom fire damage for test 2 using new materials., 1 
Figure 23.- Seat top fire damage for test 2 using new materials. 
Figure 24.-  Seat hack fire d m g $  far t-t 2 using new materials. 
- 
I r N e w  materials 
New materials and ),L/ smokeless fuel 
Time, sec 
Figure 25.- Ceiling temperatures at center of test section, 
center aisle. 
I I -Seat bottom, above fuel pan 
Seat top, above fuel pan 7 
Seat armrest, above fuel pan 
Time, sec 
Figure 26.- Temperatures at center of test section, new materials 
and smokeless fuel. 
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Figure 27.- Chloride (as hydrogen chloride) concentration. 
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Figure 28. -  F luor ide  (as  carbonyl f l u o r i d e )  concent ra t ion .  
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Figure 29.- Cyanide (as hydrogen cyanide) concentration. 
APPENDIX - INSTRUflEHTATION 
TENPERATURE REASUREMENT 
F o r t y - n i n e  C h r o m e l - A l u m e l  t h e r m o c o u p l e s  were i n s t a l l e d  
i n  t h e  E o e i n g  737 f u s e l a g e  t e s t  s e c t i o n  f o r  t e m p e r a t u r e  
m e a s u r e m e n t .  T h i r t y  o f  t h e s e  were i n  t h e  form o f  
t h e r m o c o u p l e  (TC) trees (fig. 30) ; e a c h  t r e e  c o n t a i n e d  10 
TC1s ,  a n d  one tree was  l o c a t e d  a l o n g  t h e  c e n t e r  l i n e  o f  e a c h  
row of sea ts .  S i x  TC's  were i n s t a l l e d  a l o n g  t h e  c e i l i n g  a n d  
b e l o w  t h e  h a t r a c k  t o  d u p l i c a t e  t h e  A e r o s p a c e  I n d u s t r i e s  
A s s o c i a t i o n  o f  Amer ica ,  I n c .  {AIA), test S e t u p .  S i x  
a d d i t i o n a l  T C ' s  were i n s t a l l e d  on  t h e  seats i n  t h e  v i c i n i t y  
o f  t h e  f u e l  pan.  F i v e  TC's  were a t t a c h e d  t o  t h e  a luminum 
s t r u c t u r e  a n d  s k i n  of t h e  f u s e l a g e  t o  e n a b l e  test  
t e r m i n a t i o n  b e f o r e  t h e  o c c u r r e n c e  o f  e x c e s s i v e  damage t o  t h e  
f u s e l a g e ;  a  w e t - b u l b  TC a n d  a d r y - b u l b  TC were a d d e d  f o r  
d e t e r m i n i n g  h u m i d i t y .  T h e r m o c o u p l e  l o c a t i o n s  a r e  shown i n  
f i g u r e s  3 a n d  31. 
VISIBILITY MEASURERENT 
T h r e e  smoke  d e t e c t o r s  (fiq. 32)  were l o c a t e d  a t  t b e  
a i r - e x i t  e n d  of t h e  t e s t  s e c t i o n  ( f i g .  3 1 ) .  One d e t e c t o r  
was l o c a t e d  n e a r  t h e  c e i l i n g ,  t h e  s e c o n d  was p l a c e d  a t  
s t a n d i n g  h e a d  l e v e l ,  a n d  t h e  t h i r d  was  i n s t a l l e d  a t  s e a t e d  
h e a d  l e v e l .  The  d e t e c t o r s  c o n s i s t e d  o f  a  5 . 7 - c e n t i m e t e r  
(2.25 i n c h )  d i a m e t e r  s teel  t u b e ,  p a i n t e d  b l a c k ,  h a v i n g  a  
l i g h t  source a t  o n e  e n d  a n d  a Weston p h o t o e l e c t r i c  c e l l  a t  
t h e  o t h e r  end.  R o l e s  were d r i l l e d  i n  t h e  t u b e  t o  a l l o w  
p a s s a g e  o f  smoke,  a n d  t h e  u n i t s  were calibrated w i t h  Kodak 
W r a t t e n  n e u t r a l  d e n s i t y  f i l t e r s  t o  p r o v i d e  a t t e n u a t i o n ,  or 
o p a c i t y ,  from 0 t o  100  p e r c e n t .  
HEAT FLUX 
T h r e e  a s y m p t o t i c  c a l o r i m e t e r s  were i n s t a l l e d  t o  m e a s u r e  
h e a t  f l u x  f r o m  t h e  b u r n i n g  mater ia l s .  O n e  was l o c a t e d  a t  
s t a n d i n g  h e a d  l e v e l  i n  t h e  center a i s l e  d i r e c t l y  across f r o m  
t h e  f u e l  i g n i t i o n  s o u r c e  ( f i g .  31) .  T h e  o t h e r  two were 
mounted  o n  t h e  smoke d e t e c t o r s ,  one a t  s t a n d i n g  h e a d  l e v e l  
a n d  t h e  o t h e r  a t  s e a t e d  h e a d  l e v e l  ( f i g s .  31 a n d  32). 
TELEVISION BONITOR 
one b l a c k  and  w h i t e  t e l e v i s i o n  (TV) camera was l o c a t e d  
a t  t h e  f o r w a r d  end o f  t h e  t es t  s e c t i o n  a t  s t a n d i n g  s h o u l d e r  
level f o r  r e a l - t i m e  m o n i t o r i n q .  Bn i n f r a r e d  TV camera was 
l o c a t e d  a t  window l e v e l  near t h e  a f t  end f o r  m o n i t o r i n q  h e a t  
p a t h s ,  a s  shown i n  f i g u r e  3. 
PHOTOGRAPHIC DOCUBENTATION 
Four 1 6 - m i l l i m e t e r  motion p i c t u r e  cameras were used  t o  
r e c o r d  t h e  e v e n t s ,  a s  shown i n  f i g u r e  3. T h r e e  o f  t h e  
c a m e r a s  used  c o l o r  f i l m ,  and t h e  f o u r t h  u s e d  i n f r a r e d  f i l m  
t o  r e c o r d  h e a t  p a t h s .  Tn  a d d i t i o n  t o  t h e  motion p i c t u r e  
c o v e r a g e ,  s t i l l  c o l o r  pho tographs  were t a k e n  b e f o r e  and  
a f t e r  e a c h  test .  
GAS COLLECTION 
T V O  s e p a r a t e  systems were used t o  col lect  t h e  g a s e o u s  
p r o d u c t s  o f  combus t ion ,  o n e  f o r  h y d r o l y z a b l e  g a s e s  and t h e  
o t h e r  f o r  n o n h y d r o l y z a b l e  g a s e s .  A s c h e m a t i c  of  t h e  g a s  
c o l l e c t i o n  systems is shown i n  f i g u r e  33. These  s y s t e m s  
c o n t a i n e d  e l e v e n  1 6 - l i t e r  and  e l e v e n  3 2 - l i t e r  s t a i n l e s s  
s teel  c o l l e c t i o n  b o t t l e s ,  r e s p e c t i v e l y .  Each b o t t l e  was 
c o n n e c t e d  t o  a  common man i fo ld  (one  f o r  e a c h  s y s t e w )  by a  
s o l e n o i d  va lve .  A s t a i n l e s s  s teel  l i n e  was r u n  from each  
s y s t e m  m a n i f o l a  t o  t h e  sampl ing  l o c a t i o n  i n  t h e  t e s t  s e c t i o n  
If iq .  31) .  T h e  nonhydrolyzah  l e  g a s  s a m p l e s  were c o l l e c t e d  
i n  t h e  s t a i n l e s s  steel b o t t l e s  i n  t h e  g a s e o u s  s t a t e ,  whereas  
t h e  h y d r o l y z a b l e  g a s  s a m p l e s  were a b s o r h e d  i n t o  a  200-cubic-  
centimeter sodium h y d r o x i d e  s o l u t i o n  p l a c e d  i n  e a c h  1 6 - l i t e r  
s t a i n l e s s  s t ee l  b o t t l e .  B e f o r e  e a c h  test ,  t h e  h y d r o l y z a b l e  
g a s  b o t t l e s  were f i l l e d  v i t h  t h e  sodium h y d r o x i d e  s o l u t i o n  
and  e v a c u a t e d  t o  a p r e s s u r e  of  a p p r o x i m a t e l y  33.3 hN/mz 
( 2 5  t o r r ) .  (i.e., t o  r e m a i h ' a b o v e  t h e  v a p o r  p t e s s u r e  o f  t h e  
sodium h y d r o x i d e  s o l u t i o n ) .  The b o t t l e s  f o r  t h e  
n o n h y d r o l y z a b l e  sys t em were e v a c u a t e d  t o  a  p r e s s u r e  o f  
4 hR/61z ( 3  t o r r )  o r  less. Approximate ly  1 m i n u t e  b e f o r e  t h e  
test,  a  background sample u a s  t a k e n  f o r  e a c h  sys t em;  
f o l l o w i n g  f u e l  i g n i t i o n ,  g a s  s a m p l e s  were o b t a i n e d  a t  
30-second i n t e r v a l s .  
GAS ANALYSIS 
I n  t h e  a n a l y s i s  of t h e  c o m b u s t i o n  p r o d u c t s ,  t h e  
f o l l o w i n g  a n a l y t i c a l  m e t h o d s  were e m p l o y e d .  The  
c o n c e n t r a t i o n s  of t h e  p r o d u c t s  o f  c o m b u s t i o n  were d e t e r m i n e d  
by  means  o f  i n f r a r e d  s p e c t r o s c o p y  f o r  c a r b o n  d i o x i d e ,  c a r b o n  
monox ide ,  me thane .  e t h y l e n e ,  F r e o n  1 1 ,  a n d  F r e o n  113. Mass 
s p e c t r o s c o p y  was u s e d  f o r  o x y g e n  a n d  c a r b o n  d i o x i d e ,  a n d  g a s  
c h r o m a t o g r a p h y  was u s e d  f o r  e t h a n e  a n d  p r o p a n e .  F o r  
n o n h g d r o l y z a b l e  p r o d u c t s  n o t  d e t e r m i n a b l e  by t h e s e  m e t h o d s ,  
a c o m b i n e d  gas-chromatographic/mass-spectrometric 
i n t e r f a c i n g  t e c h n i q u e  was e m p l o y e d .  T h e  l a t t e r  me thod  was 
u s e d  t o  d e t e c t  a l l  t h e  u n q u a n t i f i e d  c o m b u s t i o n  p r o d u c t s  
l i s t e d  i n  t a b l e  I V .  S p e c i f i c  i o n  e l e c t r o d e s  w e r e  u s e d  t o  
d e t e r m i n e  t h e  c o n c e n t r a t i o n s  o f  t h e  h y d r o l y z a b l e  c h l o r i d e s ,  
f l u o r i d e s ,  a n d  c y a n i d e s .  
DATA ACQUISITION 
A 1 1  d a t a  were r e c o r d e d  o n  m a g n e t i c  t a p e  a n d  
s u b s e q u e n t l y  p l o t t e d  i n  e n g i n e e r i n g  u n i t s  by a  c o m p u t e r .  In 
a d d i t i o n ,  c r i t i c a l  p a r a m e t e r s  were m o n i t o r e d  on  a  c a t h o d e -  
r a y  t u b e  v i s u a l  d i s p l a y  d u r i n g  t e s t i n g .  
TEST OBSERVERS 
D u r i n g  t e s t  1, t h e  o b s e r v e r s  were t w o  r e p r e s e n t a t i v e s  
of t h e  NASA Lyndon B. J o h n s o n  S p a c e  C e n t e r  (JSC) , f o u r  
r e p r e s e n t a t i v e s  o f  t h e  A X A ,  a n d  t w o  r e p r e s e n t a t i v e s  o f  
~ n e r i c a n  A i r l i n e s .  For t e s t  2,  i n  a d d i t i o n  t o  o n e  JSC 
o b s e r v e r ,  r e p r e s e n t a t i v e s  of t h e  A 1  A ,  t h e  F e d e r a l  A v i a t i o n  
A d m i n i s t r a t i o n  (FAA), t h e  N a t i o n a l  T r a n s p o r t a t i o n .  S a f e t y  
B o a r d  (NTSB) , t h e  Air L i n e  P i l o t s  A s s o c i a t i o n  (ALPA) , a n d  
u n i t e d  A i r l i n e s  s e r v e d  a s  o b s e r v e r s .  F o r  t e s t  3, o n e  JSC 
o b s e r v e r  a n d  r e p r e s e n t a t i v e s  o f  A I A ,  Amer ican  A i r l i n e s ,  a n d  
ILC I n d u s t r i e s  v i ewed  t h e  tes t .  Non-NASA a t t e n d e e s  a t  t h e  
t h r e e  tes ts  were a s  f o l l o w s .  
1 P r e - 1 9 6 8  materials  t e s t  ( t e s t  1) 
a. P. J. L e s t e r ,  1 B o e i n g  Co. 
b. R. J. S u t t o n , i  R c D o n n e l l  D o u g l a s  Corp . ,  
D o u g l a s  A i r c r a f t  Co. 
- -- 
& R e p r e s e n t i n g  t h e  aIA. 
c. 0 .  S i l v e r m a n ,  1 Lockheed Aircraf t Co. 
d. S. Parker . '  Boeing Co. 
e. G, D. McUanus, American Airlines 
f. B. Snoody, American Airlines 
2. F i r e - r e s i s t a n t  m a t e r i a l s  t e s t  u s i n g  JP-4  i g n i t i o n  
f u e l  { t e s t  2 )  
a. J. A .  Le land ,  1 HcDonnell  Douglas  Corp., 
Douglas  A i r c r a f t  Co. 
b. D. G. Shaw, 1 Boeing Co. 
c. B. S i lve rman ,1  Lockheed A i r c r a f t  Co. 
d. A. S. P e r k o w s k i , l  Boeing Co.  
e. D. A. H e i n e ,  ALPA 
f. D. R. Hot t ,  ALPA - S t e v a r d e s s  D i v i s i o n  
g. B. a. NcCormick, NTSB 
h. B. Radnofsky, C o n s u l t a n t  
i. R. C. N c G u i r e ,  FAA 
j. E. 8. N i c h o l a s ,  FAA 
k. A. P. B r a n t i n g ,  FAA 
1. U Ruperman, Uni ted  Ai r l ines  
m. A. P. Vance, Bonsanto  Co. 
3. F i r e - r e s i s t a n t  materials t e s t  u s i n g  smok-eless 
l i g n i t i o n  f u e l  ( t es t  3) 
a. B. S i l v e r m a n ,  1 Lockheed A i r c r a f t  Co. 
b. J. A. Le l and ,  1 HcDonnel l  
Douglas  Corp., Doug las  Aircraft Co. 
c. R. Anderson, 1 Boeinq Co. 
d. V. P o o l s ,  American A i r l i n e s  
l ~ e ~ r e s e h t i n g  t h e  A I A .  
5 2 
e.  B .  Lapham, I L C  I n d u s t r i e s ,  I n c .  
f .  U .  R a d n o f s k y ,  C o n s u l t a n t  
- I -  27.94 cm (11 in.) 53.34 cm (21 in.) -53.34 crn (21 in.) 
TC-4 
1 109.22 crn (43 in.) 
1- 165.10 cm (65 in.) 
- ; 
UI 
c' TC-9 TC-8 TC-7 
Furnished section 
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j - -165.10 cm (65 in.) 
TC-6 TC-5 
F i g u r e  30.- Typical thermocouple tree. 
Fornard r-l 
63.50 cm (25 in.) 
4 5 . 7 2  C~ a8~[71 Instrumentation IWend I - - Thermocouple I Calorimeter A Smoke detector 
,-Gas-sampllng line 2 0 3 . 2 0  crn ( 8 0  in.)--r 
1 4 7 . 3 2  cm (58 in.) -l 
Figure 31.- Instrumentation locations. 
Figure 32.-  Aft calorimeters and smoke monitors. 
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Figure 33.- Schematic of gas collection systems. 
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